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NOTE 



The following pages contain a prelimi- 
nary presentation of certain investigations 
and studies which are being carried on by 
the undersigned, with the co-operation of 
several scientists and scholars. 

Heber R. Bishop. 







JADE AS A MINERAL. 



GENERAL DEFINITION. 

Jade is a term generally employed to designate a number 
of minerals of tough compact texture and of color varying 
from nearly white to very dark green, which have been 
used from the earliest times in worked forms as weapons, 
utensils, and ornaments. The term, however, properly in- 
cludes only two species, Jadeite and Nephrite, and it is to 
a study of these minerals that the greater part of the fol- 
lowing pages is devoted. 

Jadeite and Nephrite are chemically quite distinct sub- 
stances, but notwithstanding this fact they are strikingly 
alike in many of their properties. Both are hard and com- 
pact and usually of distinctly fibrous texture, owing to 
which they are exceedingly tough, and may be carved into 
very delicate forms. Both are more or less translucent in 
most of their varieties and are of various colors, although 
shades of green are most characteristic for both. In thin 
sections all varieties of both minerals appear nearly or en- 
tirely colorless and quite transparent. Both minerals are 
susceptible of taking a high polish, and the polished sur- 
faces frequently exhibit a very characteristic sheen. 

In addition to the many characters shared by both min- 
erals each has properties peculiar to itself which may be 
briefly stated. 

Jadeite is a silicate of aluminium and sodium. It almost 
always contains in addition small quantities of iron, calcium, 
and magnesium ; in the variety called Chloromelanite the 
iron amounts to as much as ten per cent. Its chemical 
composition and crystalline character make it a member of 
the pyroxene group of minerals. It occurs very rarely in 
distinct crystals, its usual form being a massive crystalline 
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aggregate of closely felted fibres or granules. Its hardness- 
is about 7, or that of quartz. Its specific gravity is close to 
3.33. It fuses readily before the blowpipe to a clear glass 
and is not decomposed by hydrochloric acid until after 
having been fused. 

Nephrite is a silicate of calcium and magnesium, with 
generally a small amount of iron replacing magnesium. It 
belongs to the amphibole group of minerals, being identical' 
in composition with the minerals tremolite and actinolite 
of that group. It is distinguished from them solely by its 
structure, which is always that of a closely felted, compact 
aggregate of fine fibres, never in discrete crystals as are 
those minerals. Its hardness is 6.5. Its specific gravity is 
close to 3.0. It fuses with some difficulty to a greenish 
glass and is not decomposed by hydrochloric acid. 

It is evident from this outline of the characteristics of 
jadeite and nephrite that the strong resemblance which has 
caused them to be classed together under the common name 
of Jade is due to comparatively superficial characters ; but 
the certain discrimination between them often requires a 
more or less complete investigation of all their properties, 
chemical and physical. This discrimination becomes the- 
more difficult owing to the fact that the two substances not 
infrequently occur intermixed in the same specimen, the 
nephrite having been formed from the jadeite by a gradual 
alteration of its chemical and physical constitution. In 
such cases it is by means of the study of thin sections with 
the microscope that it is alone possible to discover the true 
nature of the mineral. 

The dual nature of the material composing the objects to 
be described in the present work must be kept in mind in 
reading the following pages, in which will be found full 
descriptions of the properties of both jadeite and nephrite, 
the two being considered successively under each separate 
heading. 



COLOR. 

Jadeite . — The color of jadeite is highly diversified, ex- 
hibiting an almost indefinite variety of shades and tints. 
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The commoner colors are, however, tones of white and 
various shades of green. 

Pure white is not common. A silvery white, translucent 
like chalcedony, is shown in the Chinese bowl No. 3091 of 
the collection, and the tea-cup No. 3101. Such specimens 
are known as “ Camphor Jade/’ 

Sugar-white material having the appearance of that va- 
riety of marble known as saccharine is occasionally found. 
No. 13460, a fragment from Burma, is of this character. 

Grayish-, greenish-, bluish-, or yellowish-white tones are 
more frequent than the pure white. Examples are very 
numerous. Gray of various tones is found, as in parts of 
No. 3041, a Chinese vase dating from the Ming dynasty. 

A pale lavender color is especially characteristic of the 
Burmese jadeite and is highly prized. Specimens of this 
tint are generally translucent and highly crystalline, giving 
a frosted appearance on polished surfaces. Nos. 3212, a 
small double-gourd vase, 13107, a tiny figure of the god of 
longevity, and the eight wine-cups numbered 13009 are 
good examples. Patches of the lavender tint are often in- 
termingled with green in colorless material, as in No. 3236. 

Many shades of green occur in jadeite. Specimens are 
found colored a pale greenisli-white as in the cylindrical 
brush-holder No. 3166. Again, this tint is seen as cloud- 
ings in white with transitions to deeper tones as in No. 13- 
059. Lettuce-green is shown in the quadrangular vase No. 
3015, the flower vase No. 3041, and the miniature dish No. 
3211 ; apple-green in the gourd-shaped vase No. 3271, and 
grass-green in the tea-cup No. 3046. 

Emerald-green is the most prized color both foritsbeauty 
and its rarity. A good example is the incense-burner No. 
3104. It sometimes occurs in small patches in the midst of 
white or otherwise colored material as in Nos. 3064, 3202, 
3258, 3272, and many others. The jewelled jades No. 13- 
312, are cut from masses of very translucent and uniformly 
colored deep emerald-green, and are probably the finest 
examples extant. Emerald-green is the fei-ts'ui of the- 
Chinese, and is among their most highly valued varieties- 
of jadeite. 
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Greens of darker tone are less common in jadeite. Pear- 
leaf green is seen in the Guatemalan hatchet No. 13330. 

Pale bluish-green of almost aquamarine tint is seen in 
No. 3126, which forms a transition to the distinctly blue 
tints shown in No. 3127, a specimen said to be absolutely 
unique. No. 3126 is a mixture of opaque white and pale 
blue. No. 3127 is bluisli-green with veinings of decided, 
almost prussian-blue and brown stains on the surface. 

A bluish-lavender color is peculiar to the Tibetan ma- 
terial, which is remarkable for its wonderful delicacy, and 
it is found in pieces of considerable size. A beautiful 
example illustrating this color is No. 13186, the small 
figure of the Yenus de Milo made in Paris for Mr. 
Bishop. 

The two bowls Nos. 3231 and 3232 are a delicate greenish- 
blue with irregular veins of rich moss-green tint from 1 to 
12 mm. in length. To such coloring the Chinese have given 
the poetical descriptive name of “ melting snow enclosing 
bits of moss.” 

Transitions from the greens to decided tones of yellow 
are uncommon. Yellowisli-green of strong tone, associated 
with emerald-green, is seen in the rice-bowls numbered 
3098 and 3262. 

The variety of jadeite called cliloromelanite is character- 
ized by containing a large percentage of iron replacing in 
part its aluminium. As its name implies, it is of dark- 
green color often appearing quite black except in the thin- 
nest splinters, when it is seen to be of a slightly translucent 
blackisli-green color. No. 13242, a long narrow hatchet 
from Mexico, is a typical example of this material. 

Nephrite . — The color of nephrite varies almost as widely 
as does that of jadeite, but is characterized by the greater 
frequency of darker shades of green. White is much more 
frequent than in jadeite, yet pure white is rare. Very 
faint tones of greenish-, bluish-, and grayish-white are 
more common than pure white. The Collection furnishes 
numerous examples of these, of which several may be 
mentioned: e. g., the beautiful beaker-shaped vase No. 
3071 ; the alter-set of three pieces numbered 13013, 
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13014, and 13015 ; as well as Nos. 13063, 3092, 13104, 
13165, 13197, and many others. 

Pale yellow of waxy aspect, varying somewhat in tone, 
is exceedingly rare, yet the Collection includes several 
beautiful examples, of which 13033, 13043, 13044, and 
13045 may be mentioned. 

Gray, which is somewhat rare, is well exemplified in 
Nos. 3037, 3143, 3030, 3279. It is chiefly due to minute 
inclusions of opaque black particles in a white matrix, and 
varies in depth of tint according to the abundance of 
inclusions. It is thus often speckled or clouded as in the 
bowl numbered 3090. The rich gray is often in combina- 
tion with inky black, as in the little cylindrical penholder 
No. 3038. A very light yellowish-gray is seen in No. 
13253, and an opaque olive-gray in No. 3124. 

Brown of various shades occurs. Pale brown trans- 
parent material of horn-like consistency is very charac- 
teristic. It is shown in No. 3255, an ornamented musical 
stone. Darker tints are shown in Nos. 3246 and 13047, 
and are specially apt to occur as stainings or veins in 
material of other colors — green, yellow, white, as is seen 
in Nos. 3077, 3062, and 3249. Tints of gray and brown in 
irregular mixtures are often found in nephrites that have 
been exposed to great heat or that have long lain in the 
earth, in contact perhaps with other substances, such as the 
ancient Chinese pieces to which Dr. Busliell has given the 
name “ tomb jades.” In such specimens are found grayisli- 
and brownish-yellows, often with veinings or stainings of 
russet or dead-oak-leaf brown. Nos. 13167, 13158, and 
13200 are typical of this class. 

All the foregoing colors are, however, comparatively rare, 
the most typical nephrites being of some shade of green. 
Olive-green is seen in Nos. 3160 and 3205 ; seaweed-green 
in Nos. 13055 ; 13212, 13118, and others ; golden 

emerald-green as in No. 13035 ; spinach-green as in Nos. 
3018 and 13056 ; sage-green as in Nos. 3183, 3051, 13095, 
13175 ; light sage-green, 3025 and 13082 ; dark sage-green, 
3003 and 13054; and dark-green to greenish-black as in 
Nos. 3125, 13005, and many others. 
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Many of these green colors occur very uniformly in 
considerable masses of the mineral. Again, two or more 
tints are found commingled, and such varieties have been 
likened by the Maoris to “moss seen at the bottom of a 
pool of limpid water.” This description might apply to 
No. 3062 and others. The rich, transparent emerald-green 
of the fei-ts'ui jadeite is not found of equal purity in 
nephrite, those which approximate to this color - having 
always a yellowish cast. 

The entire Collection was arranged on a color basis 
only ; that is, the specimens regardless of locality or 
substance were classified according to the various colors 
and tints, and formed a series presenting an almost con- 
tinuous gradation from white to black. The nephrites 
predominated, in whites with tints of gray or green, and 
nearly all the dark grass- or sage-green or the grays 
resulting from inclusions of chromic iron or other materials 
in the white magma ; the brilliant greens, emerald-greens, 
and light greens in a white field belonged to the jadeite 
group. 

The following notes specially prepared for this work by 
Professor F. W. Clarke, Chief Chemist to the United States 
Geological Survey, explain all that is known as to the 
origin of the various colors observed in jadeite and 
nephrite, which may be considered as natural colors — that 
is, those produced at the time of crystallization of the 
minerals and due to their peculiar chemical composition or 
to original inclusions within their substances. 

NOTES ON THE COLOR OF JADE. 

Absolutely pure jadeite should be white, without a tinge 
of color. So also an ideal nephrite, containing only lime 
and magnesia, should be colorless. The colors which 
actually exist are due to admixtures of other substances, 
and in general terms they are not difficult to explain. 
Occasionally, however, anomalies seem to exist. At all 
events the analytical data which are given do not in every 
case account for the color or lack of color observed. 




JADE AS A MINERAL. 



7 



The colorific agents to which jade owes its different hues 
are mainly the compounds or iron, of manganese, and of 
chromium. Manganese is relatively unimportant. Were 
silicates of manganese present in sufficient quantities they 
would impart to jade a pinkish or amethystine tint ; but 
in all observed cases they serve merely to modify the 
colors produced by iron. The latter are enfeebled by the 
presence of manganese, but not to any very great degree in 
this group of minerals. Free oxides of manganese are 
black ; and they in small amounts might give a grayish 
cast to jade or even appear as black stainings. Finely 
disseminated chromite may also account for black and 
gray colorations ; but chromium is much more important 
as the source of the brilliant emerald-green of certain 
jadeites. This particular tint is probably always due to 
chromium ; which has been repeatedly identified in the jade 
by Damour, by von Fellenberg, and by myself ; although 
in the analyses of material from the Bishop Collection its 
determination seems to have been overlooked or neglected. 

To the compounds of iron most of the colorations of jade 
are due. As included magnetite, finely subdivided, iron 
may give black and gray tintings. As ferric hydroxide it 
produces yellows and browns. Ferrous silicates yield 
colorations ranging from pale green to almost black, and 
ferric silicates offer shades of yellow, brown, and black. 
Some silicates of iron are blue, but this tint is not common. 
Since iron may occur in more than one condition in a 
single specimen of jade, it is evident that a great variety 
of blendings are possible, and that the amount of iron 
present will not alone account for the color seen. In 
general, the green jades, excluding the emerald-green, owe 
their color to ferrous silicates ; and the quantity of the 
latter determines the depth of the shade. With ferric 
silicates in small amount yellows and browns appear ; and 
these, commingled with the ferrous greens, may give many 
intermediate shades. Ordinary bottle glass, green and 
brown, offers good examples of the character of the colors 
which are here seen separately ; and it is easy to realize 
how a blending of the two in one melting-pot would yield 
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a wide range of lines ; brown and green tending in part to 
neutralize each other. In the coarser varieties of bottle 
glass the colors appear to advantage only by transmitted 
light ; by reflected light the material is black or nearly so. 
Since jade is not transparent it is seen only by reflected 
light, and dark shades are produced by relatively small 
amounts of the colorific agent. 

Although the principles thus laid down concerning the 
colorations due to iron are simple enough, their application 
to the actual analyses is exceedingly difficult. In general, 
the white or light-colored jades are low, and the darker 
specimens high in iron. In this statement surface stain- 
ings are left out of account. The difficulty about inter- 
preting analyses more closely is due to our lack of knowl- 
edge as to the way in which the iron is actually com- 
bined; the representation of it as oxides being but a 
conventional and partial statement of the truth. Thus 
a jade might contain 1.60 of ferric oxide, and 0.72 of 
ferrous, and this could mean one of several things. The 
two oxides might be united as magnetite, forming black 
inclusions, and giving a gray coloration. Or both might 
be combined as silicates, with another result as to color. 
Or the ferrous oxide might represent a ferrous silicate, 
while the ferric oxide was combined with water in the 
form of rust. To actually determine the true state of 
affairs would be difficult, and in some cases even hardly 
possible. In fact, all three of the conditions above sug- 
gested might coexist, and then their disentanglement would 
be almost hopeless. 

Upon careful scrutiny of the analyses various anomalies 
appear which so far are not explainable by the evidences 
now in the hands of the writer. Take for example the 
four following cases, and contrast the proportion of iron 
with the reported color : 

No. 13192IL — 4.10 per cent, ferric oxide. Milky white. 

No. 13246 — 4.28 “ “ “ “ Seaweed-green, clouded with 

brown . 

No. 13006 — 3.99 “ “ “ “ Pea-green. 

No. 3125 — 3.64 “ “ “ “ Dark greenish-black. 
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These differences of tint are extraordinary. First, a 
sample high in iron is white, and another somewhat lower 
in iron is nearly black. Ferrous oxide is not reported in 
any of the four, and yet greens appear in three of the 
specimens. It would seem on the face of the reports as if 
ferrous iron had been neglected, all the iron having been 
estimated in the ferric state. But this supposition does not 
account for No. 18192II, which, upon general principles, 
ought to be deeply colored. 

In other cases the results obtained by analysis are more 
satisfactory. For example, four specimens of jade are 
described as seaweed-green, and their contents of iron and 
manganese appear as follows : 



Ferric oxide. 



No. 


13211 


4.93 


No. 


13246 


4.28 


No. 


13212 


4.64 


No. 


13118 


3.39 



Ferrous oxide. 


Manganese oxide. 


0.11 


trace 


0.16 


0.38 


0.85 


0.22 



Here there is a decided family resemblance, although the 
indications are for brown tints rather than the green which 
actually occurs. But, as has been already indicated, the 
mode of combination of the iron is uncertain ; and perhaps 
a more careful scrutiny of the samples would explain the 
colors found. On this subject the last word has evidently 
not been said. 

Concerning some of the more unusual and delicate shades 
which occur in jadeite and nephrite there is little to say. 
The evidence for their interpretation is lacking. Possibly 
some of the pale yellows may be due to titanium ; but the 
blues and lavenders are unexplained. Some silicates of 
iron are blue or bluish, and vanadium might give similar 
hues. Grlaucophane, which Professor Penfield has identi- 
fied in some of the nephrites is often blue or lavender, cro- 
cidolite is dark blue, and the presence of either would 
account for the observed phenomenon. Brown stainings 
and streakings are caused by ferric hydroxide ; and sur- 
face blackening is often attributed to carbon derived from 
organic matter. In some cases a grayish tint may be pro- 
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duced by microscopic inclusions of mica. Such inclusions 
have been observed, but they are not very common. 

In addition to the natural colors treated of by Professor 
Clarke, there is another group of colors which are due to 
agencies of various sorts affecting the jade after its forma- 
tion, such as weathering, absorption of coloring materials 
-either natural or artificial, and the action of fire. To some 
one of these agencies or to a combination of them are due 
most of the veins or stainings, chiefly in tones of gray, 
brown, and black, to which reference has already been 
made. 

The presence in worked jade of these colors, streaks, 
etc., is not always a detriment, inasmuch as lapidary - 
artists, especially in China, are in the habit of carefully 
selecting such jDarts of a specimen as have stains, tints, and 
markings of brown and yellow, and very skilfully taking 
advantage of the coloring to add an additional charm to 
the leaf, the finger-tip, fruit, or any ornament which is to 
be given a prominent place in the perfected object. This 
adaptation of material to design, and of design to material, 
is splendidly exemplified in the Collection. 

The effects of weathering and the absorption of natural 
stains are best exemplified by the group of specimens in 
the Collection to which the name of Tomb Jades has been 
applied, and to which a separate chapter will be devoted 
in this volume. Such objects are all of great antiquity, 
and have been subjected to the altering agencies during 
long burial in the earth in tombs or in the ruins of ancient 
cities. 

A natural staining may be the result of the infiltration 
of oxide of iron, manganese, or other substances, while the 
jade is still in the bed-rock ; or while it is being rolled 
along in the bed of a river after being detached from the 
bed-rock ; or lastly, while buried in the ground. 

Another remarkable change of color is that due to cal- 
cination, generally the result of conflagration. A notable 
example of this, a small quadrangular vase, No. 3217, was 
recovered after the looting and destruction of the Summer 
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Palace at Peking in 1860. In this object the lower part is 
a light grayish-green, with a black staining that is due to 
infiltration in the cracks where the piece had been subjected 
to slight heat or staining from pyroligneous and other 
acids produced by the conflagration, but was not brought 
into direct contact with the fire. The upper part, however, 
which has suffered actual contact, changed to a yellowish 
but opaque substance, resembling calcined bone. An 
extreme example of this kind is the tiny incense-burner, 
No. 3017, which has been so much altered as to have lost 
almost all trace of its ever having been jade. Its delicate 
carving remains, however, and the polish is still there to a 
great extent ; but the whole piece is now a minutely 
crackled grayish-white opaque substance, almost resem- 
bling a jasper-like substance like porcellanite. 



DIAPHANEITY. 

The degree of transparency of the jade minerals varies 
considerably with the color and structure of individual 
specimens. Unpolished specimens of all colors are at best 
only translucent and more commonly quite opaque except 
in very thin splinters. But the removal of the inequalities 
of the surface by polishing greatly heightens the trans- 
lucency. 

Jacleite is on the whole less translucent than nephrite. 
The light-colored varieties are generally subtranslucent to 
translucent, having in this respect much the character of 
chalcedony. But some of the white jadeites are quite 
opaque, and on the other hand in some of the coarser- 
grained varieties such as No. 13009 single perfectly trans- 
parent crystals of considerable dimensions may be seen 
embedded in the translucent matrix. 

In green jadeites a subtranslucent character is more com- 
mon, extending in the chloromelanite variety to a more or 
less pronounced opacity. But the rare emerald-green 
jadeite as seen in the Kleczkowsky jewels, No. 13212, is 
sometimes almost perfectly transparent, rivalling the 
emerald in both color and water. 
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The nephrites may be more uniformly described as 
translucent, the degree of translucency depending on the 
depth of the color and the thickness of the specimen. 
White, semi-transparent varieties are sometimes found, as 
in the little tea-cup No. 3147, which is so transparent that 
print held against the back of the specimen may be lead 
through a thickness of 2 or 3 mm. of material. 

The same quality of semi-transparency is seen in some of 
the green varieties, notably those from New Zealand, which 
the Maoris have picturesquely likened to ‘‘a clear stream 
on whose bottom green moss and grasses luxuriate. 

Such semi-transparent or highly translucent specimens 
are termed Precious nephrite , but their quality never 
equals that of the emerald-green jadeites. Many of the 
more massive pieces of worked nephrite appear opaque 
because of their thickness only, the edges or thin fragments 
always showing a pronounced translucency. 

LUSTRE. 

The lustre of both jadeite and nephrite on fresh fractures 
is dull and wax-like, with very few reflecting surfaces. 
Polished jadeite has ordinarily a vitreous lustre, while 
nephrite when polished frequently exhibits an oily lustre 
as if it had been rubbed with oil. This oily appearance is 
highly characteristic of many of the green nephrites. 



OPALESCENCE. 

Opalescence, lacking however the play of color, is some- 
times to be observed on polished specimens of both jadeite 
and nephrite. It may be likened to the light effect 
obtained when some finely veined, naturally colored, trans- 
lucent, oriental chalcedonies are viewed by transmitted 
light. An admirable example illustrating this property is 
the framed jadeite screen No. 131921. The specimen is a 
mixture of large irregular patches of a white and a laven- 
der-tinted material through which are long irregular vein- 
ings of rich, translucent sea-green, in part almost opaque 
when quite thick. By reflected light a large part of the 
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surface exhibits a pinkish-lavender opalescence, which is 
remarkably pleasing and beautiful. 



SHEEN. 

It is characteristic of many minerals, such as crocidolite, 
chrysotile, and satin-spar (fibrous gypsum), which have a 
parallel -fibrous structure, that on polished surfaces the 
light is reflected with a peculiar lustre comparable to the 
sheen of raw silk. It results from a distortion of the 
light-figure reflected from the uneven surface of the indi- 
vidual fibre. When such substances are cut with a domed 
surface — en cabachon , as it is called — the reflection takes 
the form of a band or streak of light which changes its 
position as the stone is moved. Nephrite, owing to its 
fibrous structure, sometimes exhibits such a sheen, occa- 
sionally so strongly as to suggest the possibility of obtain- 
ing by proper cutting a jade cat’s-eye. In rare instances 
where the fibres are twisted and curved into approximately 
circular forms an effect like that termed asterism by jewel- 
lers is produced. 

Numerous examples of this quality of sheen are con- 
tained in the Bishop Collection. A typical example of 
sheen is No. 13248, a nephrite hatchet found among the 
remains of the ancient pile-dwellings at Neufchatel. In 
this beautiful gray shimmering sheen is seen on both faces, 
evidently caused by the reflection of the light from the 
many minute lamellae or folia of which the piece is made 
up. The crude nephrite hatchet No. 13221, from Neuf- 
chatel has one black weathered surface, but the reverse has 
a remarkably brilliant sheen apparently due to minute 
fractures nearly parallel to its surface. Perhaps the most 
beautiful example in the Collection illustrating the sheen 
is No. 13102B, the nephrite celt from the North Island, 
New Zealand. By reflected light it shows a silky struc- 
ture. The material is as finely fibrous in one direction as a 
compact New Zealand actinolite. It exhibits a sheen and 
a chatoyancy comparable to that of a greenish chrysoberyl 
cat’s-eye if cut into a gem of similar form. No. 13231, the 
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lake-dwellers’ cliisel from Neufchatel, exhibits a brown 
pearly sheen by reflected light, while the knife from the 
same locality, No. 13223, has a peculiar green sheen. A 
beautiful satiny sheen in large patches due to the reflec- 
tion of light from the large fibres may be seen in the five 
wine-cups Nos. 13257, 13258, and 13244 A, B, C. 

Peculiar internal reflections due to other causes are 
found in both jadeite and nephrite. In the sinewy oi 
horn-like varieties of nephrite the parting planes which 
traverse the mineral in various directions often cause an 
almost white, a golden, or a yellow reflection. The same 
effect is produced where the mineral has been bruised by 
pounding with a stone or other blunt instrument, the frac- 
ture surfaces, which are generally round in shape, giving 
dull reflections. 

Again, inclusions of foreign minerals such as the very 
common black cystals of chromite or mica scales are the 
cause of characteristic internal reflections. 

CRYSTALLINE SYSTEM AND OPTICAL PROPERTIES. 

Jadeite , by Professor S. L. Penfield. 

Except for the information gained by the study of thin 
sections under the microscope, our knowledge of the 
crystalline character of jade lias- up to the present time 
been limited, as distinct crystals have not been available 
for study. The angle of the prismatic cleavage has beer 
given by Des Cloizeaux* as 85°20’, by Krennerf as 86°55\ 
and by ArzruniJ as 86°56’ to 87°2(V (Note). Thanks to the 
careful observations of Mr. George F. Kunz, attention has 
been called to a specimen of jadeite from Tibet (No. 1332? 
of the Collection), which in places possesses a somewliai 
coarser crystalline structure than the mineral usually ex 
Mbits. On breaking up some of this material two crystals 
were found, from which the data necessary for the deter 

* Bulletin de la Societe Mineralogique de France, Yol. 4, p. 158, 1881. 

] Flugblatt, April, 1883. 

X Zeitschrift flir Etlmologie, Yol. 15, p.186, 1883. 

Note: For a full list of observations of this angle see the table annexed t 

this chapter. 
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mination of the exact crystalline character of the mineral 
could be determined. The crystals were prisms measuring 
about 2 mm. in length and 0.5 mm. in diameter, and the 
isolated ones were terminated only at one end by crystal 
faces. They were colorless and had a vitreous lustre. 
They belong to the monoclinic system of crystallization, 
and their habit is represented by Figs. 1 and 2. The forms 
that were observed are similar to those which occur on pyro- 
xene and segerite, and are as follows : The orthopinacoid 
a (100), two prisms m (110) and n (130), with two faces of 
the monoclinic pyramid s (111) forming the termination. 

Considering the small size of the crystals, the reflections 





Fig . i 



Fig. 2 



from their faces were good, and the axial ratio may be 
considered therefore as very nearly exact. The following 
axial ratio was derived from the measurements marked in 
the accompanying table by an asterisk. For the sake of 
comparison there are also given the axial ratios of the 
closely related minerals of the pyroxene group. iEgerite 
from the nepheline syenite of southern Norway by Brog- 
ger.* Pyroxene (variety augite) from Vesuvius by von 
Ratlif. Spodumene from Norwich, Mass., by J. D. 
Dana J . 

* Zeitschrif t fur Mineralogie unci Krystallographie, XVI., p. 318, 1889. 

f Poggendorf ’s Annalen, Erganzungs, Band 6, p. 340, 1873. 

% Mineralogy, Sixth edition, p. 366. 
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a 


b 


c 


ft = 100 A 001 


Jadeite 


1.103 


1 


0.613 


72°44f 


^Egerite 


1.097 


1 


0.601 


73° 9' 


Pyroxene 


1.092 


1 


0.589 


74°10' 


Spodumene 


1.124 


1 


0.635 


69 Q 40' 



The measurements that were made are as follows : 





Measured 


Calculated 


a /\m, 


100 A 110 = 46°29' * 




m a w, 


110 A liO = 92°38'-93°10' 


92°58' 


m A ni, 


110 A 110 = 86°51'-87°13' 


00 

o 

to 


a A n, 


100 A 130 = 72°25' 


72 0 26' 


n A n, 


130 A 130 = 34°43' 


35° 8' 


n An, 


130 A 130 = 145°26' 


144°52' 


s as, 


ill a ill = 61°12' * -61° 5' 


61°12' 


a As, 


100 A 111 = 76 Q 56'-77°10' 


76°59' 


m A s, 


ilO A ill = 58°23' *-58 Q 13' 


58°23' 


m as, 


il"0 A 111 = 102 o 37'-102°10' 


102°21i' 


The close 


crystallographic relationship between jadeite, 


mgerite, and pyroxene is shown not only by the similarity 



in their axial ratios, but also by the fact that their crystals 
have almost the same habit. A common development of 
the segerite crystals from Norway is exactly like Fig. 1, 




Fig. 3 



and Fig. 3 represents the ordinary habit of augite (pyr- 
oxene) crystals. 

The optical properties of the crystals correspond to 
monoclinic symmetry. A crystal lying on its pinacoid 
face a (100) shows an extinction parallel to its prismatic 
edges when examined under the microscope in polarized 
light. In convergent light one of the axes of a biaxial in- 
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terference figure may be seen rather near the limit of field. 
The plane of the optical axes is the clinopinacoid (010). 
When supported, with the symmetry plane horizontal, in 
a liquid of high index of refraction, the extinction angle 
was found to be 34° from the vertical axis in the obtuse 
angle /?.* The divergence of the optical axis 2 V was 
found to be approximately 70°. This was determined by 
supporting a short section of a crystal in oil by means of 
the device described by Professor C. Klein f, and turning 
until the optical axes came into the centre of the field. 
The direction of one of the optical axes coincides almost 
exactly with the vertical axis. 

Twinning has been observed by Max Bauer J in 
jadeite from Tammaw in Upper Burma. It follows one of 
the usual twin laws of pyroxene, twinning plane the basal 
pinacoid, and is repeated in thin lamellae, producing what 
are known as polysynthetic twins similar to those common 
in plagioclase feldspar. Twinned prisms were frequently 
found bent throughout and fringed at the ends. It appears 
that the twins were most numerous in the portions that 
had suffered the greatest crushing, and were absent where 
the effects of pressure were not well marked. We must 
conclude, therefore, that under favorable conditions crush- 
ing and pressure would produce in the jadeite a rearrange- 
ment of the molecules into twins similar to that observed 
in calcite. This, however, must have happened only in rare 
cases, for it has not hitherto been observed. 

Nephrite, by Dr. Charles Palache. 

All mineralogists agree in classifying nephrite as a 
variety of the monoclinic amphibole actinolite , whose 
chemical, and, in general, physical properties as well, it 
possesses. The distinction of nephrite as a variety is based 
on its structure alone, it being characterized by a very fine 

* For other observations of this angle see the table given below. 

f Sitzungsbericlite der Koniglich Preussischen Akademie der Wissenscliaften 
zu Berlin, Yol. 24, p. 435, 1891. 

X Jahrbuch fur Mineralogie, 1896, Yol. 1, p. 21. 
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fibrous texture, the fibres being generally so curved and 
interwoven as to render it exceedingly tough. The extreme 
fineness of the fibres makes it difficult, even with high 
magnification in thin section, to obtain satisfactory ob- 
servations of the cleavage, and the same cause, together 
with the frequently curved character of the fibres, makes 
the extinction angles somewhat uncertain. Most of the ob- 
servations in the annexed table to which any degree of 
reliability may be attached were made upon larger isolated 
crystals of actinolite embedded in the nephrite substance. 

The angles given by the principal text-books for actino- 
lite, and therefore to be accepted for nephrite, are as 
follows : 

1. — E. S. Dana, System of Mineralogy, 1892, p. 389. 

2. — Ilintze, Handbuch der Mineralogie, 1894, p. 1186 ff. 

3. — Levy et Lacroix, Les Mineraux des Roches, 1886, p. 144. 





Prism (cleavage) angle. 


Angle of extinction to cleav- 
age in clinopinacoid section. 


1 .— 


55°49' 


15“ 


2.— 


55°49’ 


16°-18 c 30' 


3.— 


55°49' 


15° 



Dana considers that some nephrite may belong to the 
amphibole tremolite , the extinction angle of which is 
16 °- 18 °. 

The cleavage angle and optical properties, expecially the 
extinction angle in sections parallel to the clinopinacoid, 
of jadeite and nephrite, are the most important properties 
for their determination in microscopic sections. The first 
of the two tables which follow contains all the observations 
of these two values given by various authors in the large 
literature of “ Jade,” and the second contains a record of 
the extinction angles measured by Mr. R. D. George from 
the micro-sections made from specimens in the Bishop 
collection and studied by Professor J. P. Iddings. 

The measurements given in Table I. of both cleavage 
and extinction vary widely in their reliability. Observa- 
tions made in thin sections of minerals are liable to an 
error, which cannot be checked, due to imperfect orienta- 
tion of the section to the direction desired. This error is 
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to a certain extent eliminated if a large number of observa- 
tions of different crystals in the section is taken ; but in 
many of the observations quoted there is no satisfactory 
evidence that care in this direction has been taken. 

The observations are arranged in the table in order of the 
date of publication, the jadeites being grouped separately 
from the nephrites. The angle given under the heading 
of “ extinction ” is, in all cases where not otherwise stated, 
the angle of extinction against the trace of the cleavage in 
sections parallel to the clinopinacoid. In Table II. the 
specimens are grouped, first as jadeites and nephrites, and 
then according to locality, with descending size of the 
extinction angle. 
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STRUCTURE. 

Reference has already been made to the fact that both 
jadeite and nephrite are known only as massive aggregates 
of crystalline particles and never as complete crystal indi- 
viduals. The structure of these aggregates varies consid- 
erably, and presents some characters which are peculiar to 
one or the other mineral ; but in far the greater number of 
cases the grain of the mass is too fine to permit of the 
recognition of the character of the individuals composing 
it by the unaided eye or even with the assistance of a lens. 
In such cases it is necessary to have recourse to the micro- 
scope, studying the structure in thin section. The paper 
by Professor Idclings on the Microscopical Petrography of 
Jade, which follows, treats in full of the characters thus 
observed which are among the most important means of 
distinguishing between the jade minerals, and throw a 
flood of light on the origin and history of both jadeite 
and nephrite. 

The macroscopic structural features are of less funda- 
mental importance and may be dismissed with a much 
briefer treatment. 

Jadeite . — The structure of jadeite is either granular or 
fibrous, the former being the more characteristic. It may be 
studied to the best advantage in such thin, translucent, 
highly polished objects as the bowls, cups, and plates which 
are so abundantly represented in the Bishop Collection. 
On holding such a specimen against a light each crystal 
composing it stands out from its neighbors quite sharply 
owing to the fact that the light strikes the surface and 
cleavages of each one at a different angle, giving each a 
slightly different appearance. Thus examined, we see that 
the individual grains are sometimes of prismatic shape, 
that is, with one diameter much longer than the others ; 
sometimes equidimensional, with diameters up to 3 mm. 
in exceptional cases such as No. 13206B. 

Generally the grains interlock at their edges, the bound- 
ary between any two being jagged and irregular in the ex- 
treme. In very rare cases, however, as in No. 13323, already 
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referred to in the paper by Penfield, the individual grains 
of jadeite do not come into immediate contact, but each has 
developed its own crystal boundaries, and the complete 
crystals are cemented by a small amount of an unde- 
termined interstitial mineral. 

In those specimens in which the grains are prismatic the 
prisms are more or less interwoven and often curved; when 
the prismatic development is so pronounced that the indi- 
viduals become fibrous the structure is best described as 
felted, since the fibres intermingle in the most confused 
manner ; at the same time the grain becomes finer, so that 
the eye cannot readily separate the particles. 

In the granular jadeites the grain varies even in parts cf 
the same specimen from the coarsest to the finest, patches 
of large granules often occurring like “eyes” in a fine- 
grained mass. 

A rather fine granular structure of very uniform char- 
acter is the ordinary and typical structure for jadeite ; 
distinctly fibrous specimens in which the grain is coarse 
enough to be distinguished even with the lens being so rare 
as to be noteworthy. The beads which form the string 
numbered 3095 show this latter character well. 

Nephrite . — The structure of nephrite is characteristically 
fibrous and of such fine grain that the individual fibres are 
but rarely visible except under the microscope. The 
fibres are arranged in the aggregate in many Avays : parallel 
to one another over considerable areas, tufted or in fan- 
shaped groups, or curved, twisted, interlocked, and felted 
in most intricate fashion. But all these arrangements of 
fibres are visible under the microscope only, and the coarser 
visible structures are due to groups of fibres although 
dependent largely for their origin on the intimate internal 
structure. 

The visible structures are of several distinct types. A 
marked bedded or slaty structure results from the parallel- 
ism of the fibres in distinct layers, adjacent layers having 
a different direction of the fibres. As a consequence of 
this structure the mass can be cut more easily along the 
plane of the “bedding” than across it, and it is a notice- 
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able fact that in art objects the artist generally arranges 
liis designs so that the principal cutting will be across this 
bedding, thus making the object stronger and more endur- 
ing ; and in the making of cylinders and vases from which 
a central core is to be removed by the use of a cylindrical 
drill, the core can be more readily broken out or detached 
from the mass. The same is true of the prehistoric work- 
man, many of the objects left by him showing that the flat 
sides are parallel with the bedding of the material because 
the fashioning of the celt or other object was not only more 
easily done in this way, but the workman was surer of suc- 
cess in the operation. 

A sinewy or hornlike appearance is extremely common 
and characteristic in nephrite, being visible on both rough 
and polished surfaces. It seems to be due to the grouping 
of fibres in tufted or fan-shaped bundles, sometimes of con- 
siderable size and separated from one another by indistinct 
parting surfaces which are often curved into irregular 
forms. 

An apparent granular structure in some nephrites is 
shown to be due generally to the alteration of original 
jadeite to nephrite, each relatively larger granule of jadeite 
becoming a mass of interwoven fibres which retains some of 
its individuality. The great significance of this alteration 
is fully treated in the following section on the microstruc- 
ture of jade. 

A peculiar type of nephrite which markedly differs from 
the normal in its appearance is that termed by collectors 
Pudding-stone Jade . By transmitted light specimens of 
this variety show nodular areas varying from the size of a 
pin up to two inches across of a golden-yellow nephrite 
cemented together by a dark olive-green variety of the 
same mineral which occasionally has brighter grass-green 
streaks. This apparent nodular structure is evidently due 
simply to color differences, the result probably of altera- 
tions in the state of oxidation of the iron in the mineral, 
progressing from numerous isolated centres. While there- 
fore not strictly a structural modification of nephrite, the 
variety is so distinct as to be held worthy of more than 
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passing notice. The specimens in this Collection which 
illustrate this peculiar feature are Nos. 3059, 3060, 3173, 
3238, and 3034. 

The compact texture and the extraordinary toughness of 
both jadeite and nephrite are clearly due directly to the 
character of their structure, the intimate intergrowth of 
their constituent particles, whether fibrous or granular, 
producing a similar result in these respects. But the fibrous 
nature of the nephrite substance gives it properties of 
cohesion altogether superior to those of jadeite, as will be 
shown in a later chapter of this work. 




MICROSCOPICAL PETROGRAPHY OF JADE. 



BY JOSEPH P. IDDINGS. 

The microscopical study of the jade in the Bishop Collec- 
tion was made upon 170 thin sections, which were prepared 
from pieces sawn from the jade objects, and represent 93 
different specimens. Of these, 23 are jadeite, and the re- 
mainder nephrite ; a number consisting of both minerals. 
The microscopical investigation was undertaken as a purely 
petrographical study, without reference to ethnological 
theories, and without knowledge as to the localities from 
which the specimens were collected. The results are, 
therefore, independent of any preconceived ideas regard- 
ing the source of the material. With the exception of a 
specimen of jadeite containing microscopic garnets, from 
Lake Neufcliatel, all the specimens examined are so re- 
lated petrographically that they might have been parts of 
one and the same mass of rock. Nevertheless, it must not 
be forgotten that rocks which are identical mineralogically 
and chemically occur in widely distant parts of the earth. 

The pure jadeite specimens consist of precisely similar 
pale-green pyroxene, which is almost colorless in thin sec- 
tion. The slight variations in size of grain are only such 
as often occur in different parts of one rock mass. 

The coarser-grained forms that are microscopically alike 
are from China (3248, 13192D, 13206B); and from Burma 
(13102C and possibly 13215). While another form from 
Burma (13180) and one from Mexico (13242) differ only 
slightly from these. Other jadeites from China and Burma 
are identical with one another and are somewhat finer- 
grained (3126, 3127, 3095, 13195, 13243, 13255, 13364, 13365, 
13368, 13373). 

A review of the specimens of nephrite shows that those 
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varieties exhibiting most clearly the metamorphism of 
jadeite into nephrite come from China. Microscopically 
identical nephrites, consisting of confused aggregations of 
amphibole fibres, having a faint suggestion of the patches 
derived from previous jadeite come from British Colum- 
bia (13207), Lake Constance (13251), China (3119, 13007C, 
13007G, 13262E), New Zealand (13088), British Columbia or 
Alaska (13122), and China or possibly from India (13095). 
Nephrites that are microscopically alike in being composed 
of parallel fibres, that are sometimes curved, are from 
Siberia (13218), New Zealand (13118, 13030), India (13128), 
and Lake Neufchatel (13233, 13248). Another group that 
have like microscopical structure includes specimens from 
New Caledonia (13216), Siberia (13246), Irkutsk, Siberia 
(13211), India (3123, 13095), and China (3242). 

From these examples it is evident that varieties of jade 
from widely distant parts of the earth, when studied in 
thin sections, are in some cases identical, even in the most 
microscopic detail. But it is to be remarked that the pro- 
nounced differences in shades of color that characterize 
different specimens of jade when studied in mass, disap- 
pear almost completely when the jade is cut into sections 
0.001 of an inch in thickness. When the color is intense 
in the mass it may be recognized as slight coloring of the 
almost colorless minerals. But less-pronounced variations 
of color are not distinguished in the thin sections. 

It is also to be noted that jade from some countries 
varies in its composition and microstructure from jadeite to 
fibrous nephrite ; similar variations occurring in different 
countries. 

The following is the systematic description of the thin 
sections studied microscopically. They are arranged with- 
out regard to locality, but according to their mineralogical 
composition and microstructure. The jadeites are de- 
scribed first, and then the transitional modifications that 
demonstrate the metamorphism of the jadeite into ne- 
phrite. Then the more and more fibrous varieties of 
nephrite. Owing to the microscopical identity of some of 
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the specimens, certain of them are classed together and 
described at one time. 

The photomicrographs which illustrate this part of the 
work were taken with oxy hydrogen zircon light on ortho- 
chromatic plates, using a yellow screen. They nearly all 
represent the appearance of the thin sections of jade as seen 
in plane polarized light between crossed nicols, and have a 
magnification of 60 diameters. 

No. 13215. The sections which exhibit most plainly the 
true character of the pyroxene mineral or jadeite are those 
made from 13215. The thin section, .022 mm. thick, is 
transparent in part, and partly greenish white. Under the 
microscope the rock is seen to consist of an aggregation of 
irregularly shaped crystals of nearly colorless pyroxene 
with many cracks. The cracks follow the outlines of the 
crystals, the prismatic cleavage, and a transverse parting, 
probably basal. In places the pyroxene crystals become 
long prisms, and lie at all angles in the section ; sometimes 
being grouped in fan-like aggregates or bundles. In several 
places they lie embedded in a colorless mineral, which acts 
as a matrix for the pyroxene crystals. In these places 
they have sharply defined crystal forms. The long prisms 
are well developed in the prismatic zone, and have the or- 
thopinacoid (100) and unit prisms (110); and sometimes the 
clinopinacoid (010) less pronounced. Thus they are some- 
times flattened parallel to the orthopinacoid. Terminal 
planes were not observed. Cross-sections exhibit distinct 
prismatic cleavage. The form of the crystals is similar to 
that of aegerite, from which this pyroxene differs by being 
colorless in thin sections. Cross-sections exhibit the 
emergence of an optic axis when examined in convergent 
polarized light. Longitudinal sections yield a maximum 
angle of extinction of about 35 degrees. Hence the angle 
between the optic axes is about 70 degrees. Longitudinal 
sections that have been cut nearly perpendicular to an 
optic axis exhibit the plane of the optic axes parallel to th. 
side of the prism, indicating a monosymmetric crystal. 
One of these crystal sections also exhibits narrow lamellae, 
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parallel to the sides of the prism, which appear to be the 
result of twinning, and a transverse parting nearly at right 
angles to the prism. 

These crystals, magnified 60 diameters, are shown in 
photomicrographs No. 13215a and 13215b in the accompany- 
ing Plate A. Several small cross-sections are seen. The 
matrix appears as a uniformly gray mineral. Photomicro- 
graph No. 13215c in the same plate shows the granular 
portion of the same rock magnified the same amount. It 
consists wholly of colorless jadeite, and was photographed 
in polarized light between crossed nicols. In photomicro- 
graph No. 13215a the nicols were nearly parallel. 

The colorless mineral acts as a cement or matrix for the 
jadeite prisms, and appears to consist of relatively large 
individuals, not an aggregate of small ones. It has a low 
index of refraction, and very low double refractory. In 
places it is twinned in polysynthetic lamellm, making 90 
degrees with one another. The exact nature of this 
mineral is not determinable by optical means alone. It is 
possibly analcite; this is further indicated by the chemical 
analysis. 

No. 132Q6B. The coarsest-grained variety examined is 
13206B. It is an aggregate of colorless jadeite crystals that 
can be seen without the aid of a lens; the largest crystals 
being 3 mm. long. The size of the crystals varies greatly, 
from that just mentioned to microscopic dimensions. The 
large and small crystals are intimately mingled without 
any definite arrangement, or any suggestion of a porphy- 
ritic structure. The sections of some of the large crystals 
are nearly free from cleavage cracks, while others are 
crowded with them. The section is about .055 mm. thick, 
and the polarization colors are brilliant, ranging into 
yellows and reds of the second order. This indicates a 
double refraction of about .019. Some of the crystals ex- 
hibit a slight undulatory extinction. Cross-sections show 
that the prismatic cleavage is perfect. The substance of 
the jadeite is very pure and free from inclusions in most 
crystals, a few show minute specks that seem to be in- 
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cipient decomposition, which results in the clouding of the 
crystals by particles that appear white by incident light. 
These crystals are not twinned, and there are no other 
minerals present. The chemical analysis shows that the 
rock is 98 per cent, pure jadeite. 

No. 8248. Another coarse-grained form is represented 
by the so-called galvanized or frosted specimen, 3248. The 
crystals are about the size of the largest of that just de- 
scribed (13206B), or 3 mm. in diameter. There are fewer 
small crystals. Undulatory extinction is a pronounced 
characteristic. The rock has evidently been subjected to 
great straining forces. Large cross-sections with prismatic 
cleavage cracks resolve themselves between crossed nicols 
into aggregates of jadeite with slightly different optical 
orientations. They break up into optical “ fields ” (. Felder 
ersche inungen) and may be traversed by several lines in- 
dicating distinct ruptures. In some longitudinal sections 
this same mottling is very pronounced, in others it re 
sembles more closely the curving mottling of bird’s-eye 
maple, so characteristic of all micas. The resemblance is 
often deceptive, but other characteristics prove the pyrox- 
enic nature of the mineral. There has also been developed 
a delicate lamination which is plainly due to twinning in 
thin plates parallel to the orthopinacoid. The striations 
are sometimes straight, sometimes curved. There seems to 
be a second twinning inclined to the first, which produces 
less distinct striations. (This is most likely parallel to the 
basal plane.) This appears to be connected to some extent 
with the mottled effect. In places the rock has been 
crushed and dragged, producing streaks of fine grains and 
particles of pyroxene, that have the same color, index of 
refraction, and double refraction as the large crystals. 
Here the pyroxene has been crushed to powder that has 
been compacted, and is indistinguishable by the unaided 
eye from the other parts of the rock, and is scarcely dis- 
tinguishable from the larger crystals without the use of 
crossed nicols. The jadeite has been crushed by dynamic 
forces without having the crystallographic character 
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altered. The rock exhibits a partial dynamic meta- 
morphism without any signs of chemical or mineralogical 
metamorphism. 

In another thin section of this same specimen (3248) the 
large jadeite crystals exhibit the same mottling between 
crossed nicols, and twin lamination whose curved forms 
bear a direct relation to the lines of rupture in the rock, 
where fine fragments of jadeite, and brilliantly polarizing 
fibres of the same mineral, form veins through the rock 
and act as cement between the unbroken larger crystals. 

No. 13192D. A rock of almost the same character is 
13192D. It consists wholly of irregularly shaped crystals 
of colorless jadeite, averaging 2 mm. in size, exhibiting 
undulatory extinction and twinned lamination produced 
by dynamical stress. There is a small amount of crushed 
jadeite as cement. An incipient decomposition has 
clouded the central parts of some crystals to a slight 
extent. Another thin section of the same specimen ex- 
hibits more of the crushed jadeite, and some of the crystal 
grains are colored light green and are faintly pleochroic 
between bluisli-green and yellowish-green. The color is 
not related to any change in the interference phenomenon. 
Some of the larger crystals contain numerous fluid in- 
clusions which are long and narrow and are arranged 
parallel to the axis of the crystal. Where these inclusions 
are crowded together there is a clouding similar to that 
already alluded to, suggesting that these fluid inclusions 
are secondary. 

No. 13180. A slightly different modification of the 
jadeite aggregate is found in 13180. It consists of large 
and small irregular crystals of pyroxene, the small ones 
acting as a kind of cement in some parts of the rock. In 
other places there is an approach to an orderly arrange- 
ment of the crystals in several directions, the somewhat 
prismatic crystals appearing as though woven together. 
There are besides acicular microscopic prisms that traverse 
the rock in several directions; a number of the needles 
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enclosed in one jadeite being parallel to one another. 
These needles are colorless ampliibole or actinolite. They 
have a lower index of refraction than the pyroxene. Some 
of the jadeite crystals are colored green as in the specimen 
just described (13192D). 

No. 13102C. Coarsely granular jadeite, apparently all 
the same mineral. Nothing but jadeite seems to be 
present. 

Nos. 13364, 13365, 13368, 13373. These sections are 
alike in being very pure jadeite, almost entirely free from 
inclusions of other material. They consist of irregularly 
shaped anhedrons of colorless jadeite, varying in size 
from a diameter of 1 mm. to minute microscopic grains. 
The grain is not uniform throughout the material, and in 
No. 13365 there are prismatic forms and a somewhat 
parallel arrangement of the prisms. Pyroxene prismatic 
cleavage is pronounced, and extinction angles were 
measured as high as 32° and 40°. In 13365 the cross sec- 
tion of a microscopic prism shows the presence of the unit 
prism and ortliopinacoid in nearly equal development. 
The cloudy white color of the specimen is due to micro- 
scopic cracks and minute particles whose character is not 
determinable. In 13368 there is a small amount of green 
mineral in fine-grained aggregation, somewhat fibrous. It 
is pleochroic from green to yellow and has a lower refrac- 
tion than jadeite. It is the same mineral that occurs in 
No. 13371, which is ampliibole, nephrite. 

No. 13195 presents a somewhat laminated modification, 
in which the crystals of jadeite are all quite small, grading 
to microscopic; the longest crystal being about .8 mm. 
The lamination is due to the nearly parallel arrangement 
of some prisms, and to the alternation of layers of coarser 
and finer grains. The rock is very fresh and pure, with- 
out other constituent minerals, and there is little or no sign 
of decomposition or alteration by dynamic forces. Another 
section of 13195 shows small aggregates of secondary 
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inclusions as clouding in the centre of some of the 
crystals. 

Nos. 13243 and 13255 are almost identical with the one 
last described (13195) in size of crystals, and to a less 
extent in the degree of lamination. There is a slight 
central clouding in some crystals and a small amount 
of crushing. They are wholly jadeite without other 
minerals. 

No. 3126 is quite the same as the last specimens in size 
and aggregation of jadeite crystals, but there are scattered 
patches with very irregular outline of another mineral. 
The irregular outline is caused by the projection into 
this mineral of crystals of jadeite as though into a 
cavity. In some cases the rare mineral is crowded with 
minute crystals of jadeite. In each patch the mineral 
constitutes one individual with one orientation; sometimes 
two occur together. It is colorless, with much lower 
refraction than the pyroxene, and with moderate double 
refraction. The same mineral occurs in other specimens 
of jadeite rock. Its mineralogical nature was not made 
out, but it is probably albite. 

No. 3127 is quite the same in composition as the last, 
but the jadeite crystals are more lath-shaped, with jagged 
outline and somewhat parallel arrangement. In places 
they are very minute, and carry larger crystals of jadeite, 
with no optical distortion; that is, without evidence of 
having been strained. They are clouded at the centre. 
Parts of the rock show signs of having been crushed and 
dragged. There is a very small amount of the colorless 
mineral, which is supposed to be albite. 

No. 13336 is a comparatively coarse-grained aggregation 
of jadeite crystals, the larger of which are 0.6 mm. in 
diameter. The rock is colorless in thin section, with small 
spots of clouded material which is grayish-white in in- 
cident light. It is almost wholly jadeite, the clouded 
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matter being indeterminable and presumably the begin- 
nings of decomposition. The grains or anliedrons of 
jadeite are irregular in shape, that is, allotriomorpliic, and 
are of various sizes. In some cases the prismatic cleavage 
is distinct. Areas that appear as one crystal often prove 
to be compounded of many individuals when seen between 
crossed nicols. The variations in grain and the curving 
of some cleavage lines, the mottling of the larger crystals 
when viewed between crossed nicols indicating strains 
and the first stages of granulation, together with the 
streaked arrangement of the smaller anliedrons, prove 
that the rock has been subject to forces that have crushed 
it to some extent. In places there are patches of a color- 
less mineral with lower index of refraction than that of 
jadeite, and with the double refraction and polysynthetic 
twinning of plagioclase feldspar. It acts as a matrix in 
which small prisms of jadeite lie at all positions, and 
against which the jadeite is automorphic. It exhibits no 
signs of alteration, whether of decomposition or of crush- 
ing. These facts point to its being of later origin than the 
dynamic metamorphism of the rock. But the areas of 
feldspar are so small that the evidence is not conclusive, 
and they may possibly have been formed when the jadeite 
crystallized. They certainly formed after the adjacent 
and enclosed jadeite crystallized. The chemical analysis 
shows that the mass is slightly higher in silica than if it 
consisted wholly of pyroxene. And a calculation of the 
possible mineral constituents based on a knowledge of 
the presence of feldspar shows that the material analysed 
probably consisted of 
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The feldspar would have the composition Ab, An,; that 
is, oligoclase-albite. The thin section does not show 5 per 
cent, of feldspar, but the material analyzed may have done 
so, since it is not distributed uniformly through the 
jadeite. 

No. 3095. A more fibrous modification of the jadeite is 
found in 3095, which might almost be mistaken for fibrous 
amphibole. But some of the more compact crystals are 
seen in cross-section with pyroxenic prismatic cleavage, 
and the whole mass is clearly the same kind of mineral, 
having the same index of refraction. It appears as 
though rather large compact crystals of jadeite had 
been changed into groups of nearly parallel prisms of the 
same mineral. These are bent in various directions and 
grade into fine grains of jadeite. In this case, as in that 
of some of the coarse-grained rocks, dynamical action has 
changed the form of the pyroxene without altering its 
mineralogical character. 

No. 13323 is almost pure jadeite. In thin section the 
specimen is almost colorless, with a whitish tinge. It is 
traversed by numerous irregular cracks, as though the 
rock had been subjected to crushing. There are minute 
colorless veins crossing the section independent of the 
cracks. They are made up of larger crystals of the same 
mineral as the mass of the specimen. The whole is an 
aggregation of irregularly shaped crystals of jadeite. 
They do not exhibit crystallographic outlines, and vary in 
size, the majority being very minute. The substance of 
the jadeite is colorless and exhibits the usual cleavage and 
optical properties. There are scattered through it micro- 
scopically small opaque specks, usually with irregular 
outline, whose exact character is indeterminable. They 
are most probably magnetite. There are also small 
crystals of a colorless mineral, with index of refraction 
slightly higher than that of the surrounding jadeite, and 
having a double refraction about half as great as that of 
jadeite. Its outline in cross-section is square and eight- 
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sided like that of a pyroxene. In longitudinal section it 
is rectangular, as though bounded by prism and basal 
plane. It appears to be either a tetragonal or ortho- 
rhombic mineral, having the axis of greatest elasticity 
parallel to the length of the prism. It is so filled with 
inclusions of jadeite that good interference figures were 
not obtained, hence its uniaxial or biaxial character could 
not be determined. It is therefore not possible to state 
its mineral character. The most probable assumption is 
that it is andalusite. Its quantity is not large, so that its 
presence does not materially affect the character of the 
rock, which is an almost pure jadeite. 

No. 13242 is an aggregate of small jadeite crystals with 
a few larger ones of irregular shape. The mass is streaked 
with greenish, dark-colored specks, which appear under 
the microscope as opaque particles crowded together in 
the larger jadeite crystals as products of alteration. Parts 
of the jadeite grains are colored pale-green. In places the 
jadeite crystals are grouped in fan-like aggregates of radi- 
ating prisms. Cross-sections of these exhibit the char- 
acteristic prismatic cleavage. These crudely spherulitic 
aggregates occur in bands grading into small-grained 
layers. There are rather numerous patches of the color- 
less mineral (? albite), and somewhat lenticular crystals 
about 0.8 mm. long, and smaller. They are strongly pleo- 
chroic with amphibole cleavage. Cross-sections show the 
orthopinacoid (100) strongly developed, besides the unit 
prism faces (110). The colors are dark bluish-green to 
pale yellow. Longitudinal sections were not observed. 
The colors of this amphibole suggest an impure glauco- 
pliane. 

No. 13193 consists of irregularly shaped crystals of 
jadeite scattered through albite, which form interlocking 
crystals of variable size; some individuals enclosing a 
number of crystals of jadeite. The substance of albite 
is very pure and fresh, and exhibits a characteristic cleav- 
age and optical properties. Twinning in polysynthetic 
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lamellse is developed to only a slight extent. Many 
crystals are not twinned. Estimating t-lie specific gravity 
of albite at 2.64, and that of jadeite at 3.34, then to obtain 
a specific gravity for the rock equal to 2.8278 would require 
27 per cent, jadeite and 73 per cent, albite, and the theo- 
retical chemical composition of the whole would be about 



SiO a 


. 66.37 


A.I2O3 


. 20.92 


Na 2 0 . 


. 12.70 




99.99 



It would appear as though both minerals crystallized at 
one time. Their intimate association is interesting be- 
cause of their chemical relation, jadeite being a meta- 
silicate of alumina and soda, while albite is a polysilicate 
of alumina and soda. They might have formed from a 
mass too rich in silicate to form jadeite wholly, and too 
poor in silicate for albite to form singly. 

N o. 3148. This specimen proves very clearly the origin 
of the fibrous amphibole or nephrite which constitutes the 
remaining thin sections which were studied microscopi- 
cally. The same thing is shown by several other speci- 
mens, but this one is perhaps the most conclusive. In 
thin section 3148 is a microcrystalline to microcrypto- 
crystalline aggregation of colorless fibres and Hakes or 
scales, having a confused arrangement, which in places 
approaches a more definite grouping, in which the fibres 
lie in several directions. In each of these directions the 
fibres are approximately parallel and slightly curving, so 
that streaks or bands of fibres extinguish the light syn- 
chronous! y between crossed nicols. The polarizing colors 
of these minute fibres are grays of the first order. They 
grade into thicker and more compact crystals with higher 
interference colors. These crystals exhibit distinct pris- 
matic amphibole cleavage in cross-section, and are some- 
times automorphic in the prism zone. 

Through this mass are scattered fragmentary crystals of 
colorless jadeite, like that forming the rocks just de- 




JADE AS A MINERAL. 



49 



scribed. It is distinguished from the amphibole by its 
higher refraction, appearing to rise considerably above the 
body of the rock. Its double refraction is also higher. 
Its prismatic cleavage is also characteristic. A lamellar 
twinning is present, and in places is curved and apparently 
the result of strain. Bordering and traversing the large 
jadeite crystals in seams is amphibole, sometimes oriented 
parallel to the jadeite, sometimes not. The amphibole is 
compact in some cases and fibrous in others. The transition 
is into compact amphibole, which frays out into curved 
fibres at the ends. It is evident that the fibrous ampliib- 
ole composing this rock has been derived from colorless 
pyroxene or jadeite, remnants of which still exist in the 
rock. Another section of this rock shows the same micro- 
structure, but none of the pyroxene remnants. Still 
another section of the same rock shows patches of fibres, 
most of which extinguish at nearly one time. These 
are banded by parallel lines of fibres with a different 
orientation. These patches represent the extent of jade- 
ite crystals that were twinned in the usual manner, each 
crystal having been altered to a mass of amphibole fibres, 
most of which are parallel to one another, a part lying at 
various angles. The chemical analysis shows no jadeite to 
have been present in the material analyzed. 

Xo. 13267. The prisms are acicular and fibrous. There 
is more of an approach to streaked or parallel fibrous 
structure, though the needles cross one another at various 
angles. This structure is shown in photomicrographs 
numbered 13267 in Plates B and C. The amphibole lias a 
pale-green color in thin section, the crystals being pleo- 
chroic, — yellowish-green parallel to the prism axis and 
bluish-green at nearly right angles. It is a mixture of 
jadeite and amphibole in the proportion of three to two, 
and consists of very minute fibres with a preponderat- 
ing parallel arrangement, producing a more or less pro- 
nounced fibration or lamination in the rock. The chemi- 
cal analysis shows that the specimen is a mixture of 
jadeite and amphibole rich in soda and magnesia. 
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No. 13205. A very good example of this alteration is 
shown in a thin section from 13205, which has been pho- 
tographed (Plate A). In the illustration the colorless 
jadeite appears dark, and the delicate twin striations are 
clearly seen. The jadeite in this rock is highly striated. 

No. 13275. A precisely similar case is found in rock 
13275, which is a mass of microscopic to submicroscopic 
fibres of amphibole, with occasional larger compact 
crystals. Scattered through the mass are small fragments 
of colorless jadeite, as in the previous case. The altera- 
tion has gone farther, and only a little jadeite remains. 

No. 3131. Another example of amphibole alteration is 
found in one thin section, 3131. It is a confused aggre- 
gate of amphibole fibres, which, on account of the thick- 
ness of the rock sections, exhibit rather high interference 
colors. The index of refraction, however, is that of 
amphibole. There is a curved parting to the mass, and 
the appearance of rounded aggregates of colorless material 
in a gray matrix. This suggests the grain of the original 
pyroxene rock. A few fragments of colorless jadeite 
remain, as in 13275. There are a few curved and distorted 
microscopic crystals of colorless mica or muscovite. The 
other section of 3131 might be described as a jadeite con- 
sisting almost wholly of jadeite, with few individuals of 
the colorless indeterminable mineral. The two thin sec- 
tions are quite different from one another. 

No. 13214 presents the same conditions as the foregoing. 
A few fragments of jadeite remain; the mass of the rock 
consisting of amphibole fibres, that in places reach the 
size of compact crystals. 

No. 13266 is the same, with a small amount of colorless 
jadeite in fan-shaped aggregates. These are shown in the 
photomicrograph (Plate A), the lighter gray portions being 
amphibole fibres. 

No. 13200 consists of minutely fibrous amphibole, and 
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considerable compact ampliibole in irregularly shaped 
crystals, in clusters and streaks through the rock. This 
is shown in the photomicrograph (Plate C). There are also 
remnants of small jadeite crystals in aggregations and 
streaks, and sometimes in splierulitic clusters, as in 13266. 
The irregular and jagged outline of the pyroxene grains 
is exactly the same in both these thin sections. 

No. 3016 presents an instance in which the relation be- 
tween the colorless pyroxene or jadeite and equally color- 
less ampliibole is not so evident. The rock consists of 
microscopic prisms and shorter crystals of pyroxene in an 
irregular aggregation, together with larger crystals of 
compact ampliibole. The outline of the ampliibole is 
determined by the adjacent pyroxene crystals. The two 
are distinguished by their optical characteristics and pris- 
matic cleavage. The prisms of pyroxene are bounded in 
the prism zone by the faces of the unit prism, yielding 
nearly square cross-sections. The prisms penetrate the 
larger crystals of ampliibole, and lie enclosed in them in 
all directions. In some cases the acicular prisms of 
pyroxene are located on both sides of a fracture line in 
the ampliibole, or along the boundary between two ampliib- 
ole crystals. The two minerals appear to be nearly con- 
temporaneous' crystallizations; the pyroxene being some- 
what the earlier. The ampliibole is not fibrous and 
does not seem to have resulted from the alteration of 
pyroxene. It is, however, quite the same in appearance 
as the compact ampliibole, which is secondary. Its exact 
origin in this case is doubtful. The structure is very well 
shown in the photomicrograph (Plate B). The nearly 
square cross-section of pyroxene, the prismatic sections, 
and acicular crystals of the same mineral can be seen in 
the broader areas of the compact ampliibole. In places 
there is a green color which occurs both in the jadeite arid 
the ampliibole. They are slightly pleochroic, as in other 
cases already noted; 

No. 3136. The microstructure of 3136 is clearly the 
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result of amphibolic alteration of jadeite. The rock con- 
sists of microcrystalline to microcryptocrystalline aggre- 
gation of fibres of colorless amphibole that extinguish 
light between crossed nicols in irregular patches, some of 
which are banded in parallel lines. These patches corre- 
spond to the originally twinned pyroxene. In places the 
amphibole is in compact crystals. There is a curved fibra- 
tion in one direction through the rock, along which it has 
cracked. A few small clouded spots appear to be impure 
muscovite. The rock is a nephrite. 

No. 3246. This is also the microstructure of 3246, except 
that the patches are larger, showing that the original rock 
was a coarser-grained jadeite rock. There is also a 
mottling similar in size to that noticed in the large 
crystals of jadeite, where it was the result of strain (com- 
pare with jadeite No. 3248). This and all of the succeeding 
.specimens are nephrite. 

No. 13262R lias exactly the same microstructure and 
composition as No. 3246. 

No. 13008. The same is true of No. 13008. The once 
coarse-grained aggregate of pyroxene crystals is perfectly 
mapped out by the patches of similarly oriented amphib- 
ole fibres arranged in a direction corresponding to the 
twinned positions of the pyroxene lamellse. 

No. 13268. The same structure is shown on a larger scale 
in 13268. There are similar mottled patches. But the 
mottling is so coarse that the details of its structure can 
be seen. It consists of fan-like bundles of fibres crossing 
one another in two or more directions, sometimes produc- 
ing spherulitic aggregates, with four long arms. In other 
places the fibres are arranged in lines of lenticular or 
spindle-shaped bundles, which produce curving lines. 
Between the latter are fibres in other orientations, prob- 
ably bundles seen in cross-section. This appears to be the 
same structure that produces the mottling in the finer- 
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grained forms, but it is not so easily analyzed in those 
cases, because of the difficulty of getting thin enough 
sections. 

No. 13131 is the same as 13008 in all respects. In one 
place there is a banding of the fibres as though there had 
been a dragging of the material in that direction. 

No. 13211. The long streaks of parallel fibres are more 
marked in 13211, which is otherwise like the previous 
sections. Its microstructure is shown in photomicrograph 
(Plate C). 

No. 3156. A transition from the patchy structure shown 
by the last few sections into a uniform aggregation of 
minute fibres is seen in 3156. The two structures are parts 
of the same rock. In the finer-grained portion are groups 
of compact amphiboles yielding fan-shaped sections. 

No. 13203 belongs to this class of rocks, and is nearly 
identical Avitli those just described, except that there are 
areas of fibres that are almost wholly parallel, so that they 
approach closely to compact ampliibole. This structure is 
shown in the photomicrograph (Plate C). 

Nos. 13371, 13374. These are nephrite with an intense 
emerald-green mineral in irregular patches and spots. 
The sections differ somewhat in texture. No. 13371 con- 
sists of bladed, prismatic, and irregularly shaped anlie- 
drons, in places with parallel arrangement. Some crystals 
are colorless, others pale green, others intense brilliant 
green. In size they vary from anliedrons about 1 mm. 
in diameter to microscopically minute particles. The 
more strongly colored crystals have higher refraction and 
in places exhibit aggregate polarization. The colors of 
the different crystals vary in shade, but are of like tone, 
with marked pleochroism from emerald-green to greenish- 
yellow and yellow. The paler crystals are undoubtedly 
ampliibole, as is shown by the prismatic cleavage. But the 
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strongly colored mineral differs somewhat optically from 
most amphiboles; however, it is referred to amphibole 
provisionally, and may be a variety not yet described. 
No. 13374 contains more colorless amphibole. 

The remaining thin sections of nephrite exhibit many 
instances of exactly similar microstructure and of identi- 
cal mineral composition. They maybe described in groups, 
which differ from one another only in slight modifications 
in the arrangement of the amphibole fibres. In all of 
them there is little or no trace of the original granular 
pyroxene rock. But all the structures have been observed 
in direct connection with others that exhibit the evidence 
of their origin, or that still contain fragments of pyroxene.- 
So that it is reasonable to assume that all of the nephrite 
studied in this collection has been formed by the amphi- 
bolical alteration of colorless pyroxene or jadeite. 

In the following thin sections — Nos. 3119, 13207, 13251, 
13007C, 13007G-, 13088, 13095, 13122, 13262E— there is 
sometimes a faint suggestion of the patches derived from 
previous pyroxene, but the amphibole fibres are in a con- 
fused aggregation, with occasionally longer streaks of 
nearly parallel fibres. In the case of 13251 there is a 
yellowish stain in part of the section, which seems to be 
occasioned by hydrous oxide of iron. A brown mineral in 
another part of the same section is in thin plates, not 
definitely bounded by crystallographic planes. Its exact 
nature is uncertain, but it suggests brown mica. 

Nos. 13007C and 13007G, although differing in color in 
the specimens, are closely alike in thin section. The 
texture in the large green slab (13007G) varies from place 
to place, which may be seen on the back of the specimen; 
hence thin sections will vary according to the place from 
which they were cut. Some of it is extremely fine-grained; 
in places it is in patches of coarser grain. The two speci- 
mens consist of the same mineral and have almost identical 
specific gravity. Under the microscope the thin sections 
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are also alike in being made up of minute scales and fibres 
of nephrite through which are scattered, in 13007G, patches 
consisting of parallel fibres, sometimes curved, of the same 
mineral, nephrite; while in 13007C there are occasional 
patches consisting of compact nephrite, not fibrous. The 
difference is slight and would not show in the specimen. 

No. 13192H is one of this kind with rather more parallel- 
ism to the fibres in places, and with traces of the original 
pyroxenic grains in the arrangement of the fibres. Pris- 
matic crystals of ampliibole are more abundant They lie 
in several directions. Sometimes a number close to one 
another will have parallel orientations which are shown by 
the exact parallelism of a group of cross-sections of am* 
phibole prisms. 

No. 13026 is similar to the one last mentioned. 

The following thin sections — Nos. 3125, 3245, 13095, 
13246, 13211, 13216 — are alike in having a microstructure 
caused by a nearly uniform mixture of ampliibole fibres, 
which are in fan-shaped divergent clusters, sometimes 
approaching a spherulitic arrangement. 13095 carries a 
few microscopic flakes of colorless mica. 

No. 13212. In 13212 some of the bundles of fibres are 
longer and larger, and needles of compact ampliibole are 
sparingly present. Three photomicrographs, Nos. 13212 &, 
b, and c on Plate B, were made from thin sections of this 
specimen. The bundles of fibres have several orientations, 
which can be seen in the illustrations. 

No. 13210. In 13210 the compact prisms of ampliibole 
are much more numerous, and give the rock a more dis- 
tinctly marked microstructure, which is well shown in 
photomicrograph (Plate B). The prisms grade into fibres, 
are in nearly parallel groups, and cross one another in 
several directions. 

The following thin sections are nephrites consisting of 
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very minute fibres with a preponderating parallel arrange- 
ment, producing more or less fibration or lamination in 
the rock : 

Nos. 13250, 13380, and 13381. In these sections the 
delicate fibres are curved in several directions or extin- 
guish light in irregular patches. There is a yellowish- 
brown tabular mineral, with six sides to some crystals. 
The same substance also occurs in minute particles. It 
appears to be a hydrous oxide of iron. 



No. 13217 is one of this class of rocks, with somewhat 
larger fibres. There are numerous crooked cracks parallel 
to the direction of fibration. 



No. 13086 consists of very minute fibres and particles, 
with banded structure shown in photomicrograph (Plate 
C) ; some bands being clouded, others transparent. 
There are small opaque spots that are light green by 
incident light, and irregularly shaped crystals of a red- 
dish-brown isotropic mineral, which is surrounded by a 
white opaque substance resembling leucoxene. It is prob- 
ably perovskite. 



No. 13334. This specimen is nephrite in an aggregation 
of extremely fine fibres that lie parallel to one another 
and have been bent into contorted and crenulated bands. 
There is some clouding of the material which is white by 
incident light and yellowish by transmitted light. In 
places the fibres are less crinkled and the substance is 
nearly transparent, and the double refraction is more 
uniform as shown by the interference colors, but there is 
some mottling. Throughout much of the section there is 
aggregate polarization indicating very minute confused 
fibres. The thin section cut across the fibres exhibits less 
crinkling and a less fibrous texture and indicates that the 
fibres are flattened or bladed. The nephrite is very free 
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from inclusions of other minerals, and as shown by the- 
chemical analysis is very pure nephrite, having the com- 
position of tremolite with less than four per cent, of 
ferrous oxide. 

Nos. 13006, 13030, 13118, 13128, 13218, 13233, 13248. 
All these specimens have the fibres in parallel, and some- 
times in curved arrangement, with a parallel or laminated 
structure strongly marked and accompanied by crooked 
cracks in most cases. The rock appears to have been 
crushed or dragged, and the structure indicates a high 
degree of dynamic metamorphism. 

No. 13335 is nephrite, consisting of confused fibres of 
amphibole, extremely minute, in some places crinkled and 
contorted, in other places in streaks of parallel fibres. It 
is traversed by short crooked cracks containing dark 
coloring matter. The nephrite is stained yellow with 
streaks of brown. The fibres are so minute that they 
overlie one another in the thin section and produce aggre- 
gate polarizations between crossed nicols. 

No. 13223. The most extreme case of this kind is found 
in 13223; the fibres are almost perfectly parallel, with 
striations that seem to be due to twinning parallel to the 
orthopinacoid. The structure resembles that of silicified 
wood in longitudinal section, and is shown in photomicro- 
graph (Plate C). 

Three specimens remain to be described which differ 
slightly from those already treated, but which are nephrite 
or jadeite with other minerals in variable quantities : 

No. 13249 is a jadeite, composed of very small, irregu- 
larly shaped crystals or grains of colorless jadeite and 
pale-green amphibole. These have a crudely parallel 
orientation, producing a lamination or fibration of the 
mass, which is further emphasized by streaks of minute 
grains of an almost colorless mineral with high index of 
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refraction and high double refraction. Some crystals of 
it are well developed and sharply defined, and appear in 
quadratic or tetragonal pyramids, with very short prisms 
in some cases. These 'characteristics are those of zircon, 
but its determination is questionable. There is also a 
little iron-oxide, probably magnetite, in irregularly 
shaped grains associated with the (?) zircon. The green 
color of the amphibole is quite pronounced in some 
crystals, and in one instance is strong blue-green. The 
chemical analysis shows that the specimen consists of 
jadeite with sixteen per cent, of nephrite. 




No. 13005 is a rock of quite different composition, 
although consisting mainly of amphibole. The amphibole 
is in minute, irregularly shaped crystals, and some larger 
ones that exhibit distinct green color, with pleochroism 
from yellowish to bluish-green. In places the green am- 
phibole occurs in distinct prismatic crystals, with the prism 
faces and cleavage well developed. Between these minute 
crystals is a colorless mineral, with lower refraction and 
low double refraction, of very pure substance suggesting 
quartz. It is wholly allotriomorpliic, or interstitial, act- 
ing as a cement for the other minerals. Though in very 
small areas, it is very widely scattered through the rock, 
and is present in considerable amount for an accessory 
mineral. Scattered through the rock in much greater 
quantity are small particles of an almost colorless mineral 
whose form and optical properties correspond to those of 
klino-zoisite. It constitutes about forty per cent, of the 
rock. With it is associated a small amount of epidote, 
distinguished by its yellow color in thin sections. There 
are small, irregularly shaped grains of highly refracting 
yellowish mineral, possibly titanite, with attached grains 
of magnetite. There are a few small crystals of colorless 



garnet. 



No 13241 is a fine-grained aggregate of colorless to pale- 
green jadeite crystals with a curving parallel arrangement 
of the more or less prismatic crystals. There are abun- 
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dant colorless garnets about 0.15 to 0.30 mm. in diameter, 
without distinct crystal outline. There is a subordinate 
amount of colorless mica-like mineral with the optical 
properties of pennine clinochlore. There are also numer- 
ous minute grains of a yellow mineral with high refrac- 
tion, which is probably sphene. The structure of this 
rock is shown in the photomicrograph (Plate A), taken 
between crossed nicols. Consequently the garnets appear 
as black spots. 

Since the above was written a number of thin sections 
of European material have been examined. Of eight thin 
sections representing nephrite from Jordansmuhl, Silesia 
(Nos. 13471 to 13478 inclusive), three (Nos. 13471, 13472, 
and 13474) are almost identical. They consist of nephrite 
in fibres, flakes, and bladed crystals irregularly aggregated 
with larger crystals; in some cases broad and grading 
into the fibrous forms; in others, long acicular prisms. 
All are the same kind of amphibole. Cross-sections of 
prisms show the characteristic amphibole cleavage, and 
prismatic faces modified by orthopinacoid and less pro- 
nounced clinopinacoid. There is a small amount of an 
opaque, black mineral probably magnetite, also minute, 
microscopic, brown particles included in the larger am- 
phiboles. No. 13475 is the same as those just described, 
but with much smaller scales and fibres and little com- 
pact amphibole. No. 13475 is more fibrous, and No. 13477 
is very fine-grained with schistose arrangement of the 
crystals. 

Two other sections of nephrite from Jordansmuhl differ 
somewhat from the preceding. No. 13476 is a microscopi- 
cally fine-grained aggregate of amphibole anhedrons about 
,02 mm. in diameter. There is, besides, a brownish-black 
mineral partly surrounded by a yellowish, highly refract- 
ing granular aggregate with very weak double refraction, 
which is also scattered through the nephrite. Its char- 
acter has not been determined. No. 13478 is a mixture of 
fibrous and compact crystals of amphibole — nephrite — 
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with irregular anhedrons of a colorless mineral having the 
optical properties of zoisite. 

The three sections of nephrite from Reichenstein (Nos. 
13479, 13480, 13481) are of very simple character. No. 
13479 consists of a fine-grained aggregation of minute 
anhedrons of amphibole with scattered microscopic grains 
of arsenopyrite. No. 13481 is composed of more fibrous 
amphibole with schistose structure and contains consider- 
able arsenopyrite in lenticular masses. No. 13480 is an 
extremely fine fibrous and scaly aggregate of amphibole. 

No. 134S2, the Schwemsal nephrite, consists of minute 
flakes and fibres of amphibole in spherulitic bundles and 
patches. 

TENACITY. 

The great tenacity of jade has long been known as per- 
haps its most characteristic property. Lapidaries who are 
familiar with the jade group of minerals, state that it 
requires several fold more time to cut or carve a piece of 
jadeite or nephrite than it does to cut or carve a similar 
object from rock-crystal or agate, both harder than the 
nephrite form of jade ; and its resistance to blows and 
pressure has frequently been proved by direct experiment. 
It is said that a stone battle-axe brought back by Colum- 
bus, when tried by Peter Martyr on a piece of iron, cut into 
the metal without injuring the stone.* It is not definitely 
stated that the axe was of jade, but the results fit in well 
with the later and better authenticated experiments. 

In 1860 Krantz, the mineral dealer of Bonn, having 
attempted unsuccessfully to break a large block with a 
sledge-hammer, sent it to the Krupp Gun Works at Essen, 
where it was placed under a steam-hammer to be broken. 
The anvil on which it was placed was ruined, while the 
mass of nephrite remained unhurt. Later, the block was 
broken into many fragments by heating it to redness and 
then throwing it into water. 

♦Bastian, Culturlander des alten Amerika , 1878, I. 592, quoted in Meyer’s 
Jadeit und Nephrit Objects, II. 2. 
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A more scientific experiment was that made by von 
Schlagintweit, the great Asiatic explorer, who lias made us 
so familiar with jade and its occurrences in Chinese Turkis- 
tan. He selected a fine light-colored specimen of the best 
quality of nephrite, 70 cubic centimetres in volume, with 
two fiat fracture faces. This was placed on an anvil within 
an upright tube, and on the exposed face of the specimen 
was placed a steel chisel edge down, the blade measuring 
2.5 cm. by 0.1 mm. thick. A cylindrical mass of iron 
weighing 50 kilos, was then allowed to fall upon the upper 
end of the chisel, through a distance of 35 cm. Under this 
test the tenacity of the mineral was found to be so great 
that the edge of the chisel was turned, and a metallic mark 
resembling a wide lead-pencil mark was left on the surface 
of the nephrite, which was uninjured except that on the 
under side of the specimen where it had rested on the 
anvil three small initial protuberances had been somewhat 
bruised by the blow, as indicated by three white spots. 

In 1898 Professor Jaczewsky, who had discovered great 
beds of nephrite in Siberia (described by him in a later sec- 
tion of this work), made some preliminary tests which he 
kindly communicated to us. Two cubes of different kinds 
of Siberian nephrite were cut and submitted to a crushing 
test in the big Werder machine in the laboratory of the 
School of Bridges and Highways of Emperor Alexander I., 
at St. Petersburg, under the supervision of Mr. B. Vas- 
senko. The results are here given : 

No. 1. Specific gravity, 3.003, green nephrite, somewhat 
transparent at the edges, and showing traces of 
fissuration on its polished surface, was crushed 
under a pressure of 4222 kg. to the square centi- 
meter — 60,050 lbs. per square inch. 

No. 2. A perfectly black nephrite without fissures, 
specific gravity 2.993, failed under a pressure of 
7759 kilos, to the square centimeter = 110,000 
lbs. per square inch. 

Both broke with a sharp report. 

In order to obtain the most scientific results in regard to 
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tlie strength of both minerals, Mr. Bishop arranged for 
three series of resistance tests that should be as far as 
possible both exhaustive and authoritative. These were : 

Resistance to impact, 

Resistance to compression, and 
Resistance to tension. 

The Impact experiments were conducted at the Engi- 
neering Laboratory of Harvard University, by Mr. Logan 
Waller Page, Geologist to the Highway Commissioners of 
the Commonwealth of Massachusetts, and were made on 
half-inch cubes of carefully selected typical material from 
three different localities : 

(1) No. 13336. Jadeite from Burma ; specific gravity, 

3.3122 ; hardness, 7 ; color, greenish blue-white, 
with occasional green spots ; remarkably homo- 
geneous and compact. 

(2) No. 13268. Nephrite boulder from China (probably 

of Turkistan origin) ; specific gravity, 2.9690 ; 
hardness, 6.5 ; color, greenish-gray, apparently 
very compact, with a few spots of what seemed 
to be manganous oxide. 

(3) No. 13030. Nephrite boulder from the West Island, 

New Zealand; specific gravity, 3.1022 ; hardness, 
6.5 ; color, rich dark green. 

His report is as follows : 

IMPACT TESTS ON JADE. 

BY LOGAN WALLER PAGE. 

In finding out the possible range of the application and 
usefulness of any material in the arts, among the qualities 
most important to be determined is its power of resisting 
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blows, or impact. The momentary stresses set up as a 
result of a blow will vary with the precise form of the 
stressed body and with the method of application of the 
blow. If the body is a right prism or cylinder, and is sup- 
ported at the bottom, and the effect of the blow is distrib- 
uted evenly over the whole upper surface, the stresses set 
up will be purely compressive, of course, with the excep- 
tion of the accompanying shearing stresses along planes 
inclined to the ends. If such a body is supported on top, 
and the blow coming above is resisted by a yoke attached 
to the lower end of the body, the stresses set up will be 
chiefly tensile. If the body be in the form of a beam, and 
the blow applied anywhere between the two supports, there 
will be compressive, tensile, and shearing stresses. It is, 
therefore, necessary, in testing the resistance to impact 
offered by a body, to specify exactly the conditions under 
which the test is conducted. 

The standard impact test adopted in the engineering 
laboratory of Harvard University subjects the material to 
be tested to blows from a falling hammer, through an inter- 
vening plunger. The power of resisting such treatment, 
that is, of sustaining it without fracture, is the evidence 
of a property which may be called “ toughness.” This 
term is not altogether satisfactory, for since there are two 
ways in which a body subjected to impact may resist frac- 
ture, there are two ways in which it may be interpreted. 
It may be a malleable material capable of considerable 
plastic or permanent deformation (as, for example, lead or 
copper), in which case the energy of the blow is used up in 
permanently deforming it. Or it may be a substance which 
permits a large elastic deformation, and has a high elastic 
limit ; in which case considerable energy will be required 
to stress the material to that elastic limit. A material of 
this latter class, which is also capable of but slight or no 
permanent deformation, is commonly called a brittle 
material. 

Jade appears to belong to the class of brittle substances 
which permit of no plastic deformation, and which conse- 
quently fracture when stressed to the elastic limit. For 
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such a material an expression for the resistance to impact 
can be readily found. 

Let R be the energy of the blow causing fracture, 

E the modulus of elasticity of the material, 

P the stress at the elastic limit, which is also the maximum 
compressive stress, 
d the strain at the elastic limit, 

K some constant, 

Then R = KPd , 

But E = ^ 
d 

Therefore R = 

E 

that is to say, — the power of resisting impact is propor- 
tional to the square of the ultimate compressive stress, and 
inversely as the modulus of elasticity of the material. 
This assumes that the blow is evenly distributed over the 
top surface of the test specimen. In actual practice, how- 
ever, it is not possible to bring about this ideal condition, 
and the blow will be received and its effect concentrated on 
a few high points on the receiving surface, with the result 
that the material will be unequally stressed in its different 
parts, and will break down locally at the high points. As 
this would give conditions that could not be repeated at 
will, it is considered undesirable to attempt to get uniform 
distribution of the stress, and an intentional concentration 
at the center of the upper surface has been substituted. To 
effect this concentration a plunger is used, the lower and 
bearing surface of which is spherical. The stresses set up 
in the material as the result of a blow delivered through 
such a plunger are undoubtedly more complex than would 
be the case with a flat-end hammer or plunger, but as the 
object of the test is not to obtain any physical constants, 
but to find comparative powers of resisting impact, that 
consideration is of small account compared with the advan- 
tage obtained in uniformity of conditions during the stand- 
ard test. 

The tests were carried on at the engineering laboratory 
of Harvard University. The machine used consists of a 
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one-kilogramme hammer, which is guided by two vertical 
rods. The hammer is raised by a screw, and can be 
dropped automatically from any desired height. It falls 
on a plunger which rests on the test-cube. The lower and 
bearing surface of the plunger is spherical in shape, 
having a radius of 1 cm. The test-cube is adjusted so that 
the centre of its upper surface is tangent to the spherical 
end of the plunger, and the plunger is pressed firmly upon 
the cube by two spiral springs which are held by the 
guide rods. The plunger is made of a very hard steel, 
and its spherical end is tempered in the same manner as 
the tip of an armor-piercing projectile, and it is bolted to 
a crosshead which is free to slide on the two vertical rods. 
The bottom of the test-cube is held by a device which pre- 
vents it moving when a blow is struck by the hammer. A 
small lever carrying a brass pencil at its free end is con- 
nected to the side of the crosshead by a link motion, 
arranged so that it gives a vertical movement to the pencil 
six times as great as the movement of the crosshead. The 
pencil presses against the drum, and its movement is 
recorded on a strip of silicated paper fastened thereon. 
The drum is turned automatically through a small angle 
at each stroke of the hammer. In this way a record is 
obtained of the movement of the plunger at each blow of 
the hammer. 

In the present tests seven half-inch cubes of jade were 
employed, four from Burma, two from China, and one 
from New Zealand. The method adopted for testing 
these cubes consisted of a 1 cm. fall of the hammer for 
the first blow, and an increased fall of 1 cm. for each suc- 
ceeding blow until the cube was destroyed. The automatic 
record obtained on the drum shows the behaviour of the 
test-cube at eachblow.of the hammer. When the hammer 
strikes the plunger, if the blow is within the elastic limit 
of the test-cube beneath it, 'the plunger recovers; if not, the 
plunger stays at the point to which it is driven and which 
is recorded on the drum. The number of blows required 
to destroy a test-cube is generally used as a measure of its 
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power of resisting impact, but the energy in centimetre- 
grammes of the destroying blow, or the total energy 
expended, does equally well. 

Before testing the jade several trial tests were made to 
ascertain if the machine was in thorough working order. 
The material selected for this purpose was a highly meta- 
morphic siliceous slate, which was exceedingly hard. 
This particular stone was selected at the advice of an 
eminent petrographical authority, who expressed the 
opinion that it would stand a higher impact test than 
jade, an opinion in which the writer fully concurred. The 
four specimens tested stood on the average 16 blows, or 
a breaking blow of 16,000 centimetre-grammes of energy; 
the total amount of energy expended on each specimen 
was 136,000 centimetre-grammes. 

The four cubes of Burmese jadeite (labelled 13336) were 
tested first, then the two cubes of nephrite from a boulder 
from China (labelled 13268), and finally the one of 
nephrite from New Zealand (labelled 13030). The tests 
are numbered in the order in which they were made. 

TESTS ON BURMESE JADEITE (NO. 13336). 

Test No. 1. — The load was applied at right angles to the 
striation and cleavage cracks of the cube, which though 
very apparent were not so numerous as in some of the 
other specimens. There were also a few flaws visible, 
though probably of insufficient size to weaken the speci- 
men to any degree. The average height of the specimen 
from five measurements between the load surfaces was 
.506 of an inch. Just 100 blows were required to break 
this cube, or a final blow of 100,000 centimetre-grammes; 
the total energy expended was 5,050,000 centimetre- 
grammes. 

Test No. 2. — The cube was broken with the load parallel 
to the striation and cleavage cracks, the latter of which 
were almost invisible. The average height of the cube 
was .5004 of an inch. It stood 103 blows, or a final blow 
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of 108,000 centimetre-grammes; tlie total energy expended 
was 5,356,000 centimetre-grammes. 

Test No. 3. — The cube used in this test was very much 
striated, and contained several cracks of considerable size 
parallel to the striation. The load was applied parallel to 
the striation and cleavage cracks. The average height of 
the cube was .584 of an inch. It stood 112 blows, or a 
final blow of 112,000 centimetre-grammes; the total enery 
expended was 6,328,000 centimetre-grammes. 

Test No. 4. — The striation in this cube was very slight, 
and there was almost an absence of cleavage cracks. The 
load was applied at right angles to the striation. The 
average height of the cube was .503 of an inch. It stood 
131 blows, or a final blow of 131,000 centimetre-grammes;, 
the total energy expended was 8,646,000 centimetre- 
grammes. 

TESTS ON CHINESE NEPHRITE (NO. 13268). 

Test No. 5. — The cube used in this test had very little 
striation, but cleavage cracks were apparent. The load 
was applied at right angles to the cleavage cracks. 
The average height of the cube was .510 of an inch. It 
stood 81 blows, or a final blow of 81,000 centimetre- 
grammes; the total energy expended was 3,321,000 centi- 
metre-grammes. 

Test No. 6. — The load was applied parallel to the cleav- 
age cracks in the cube; the striation was also parallel but 
very slight. Its average height was .511 of an inch. It 
stood 39 blows, or a final blow of 39,000 centimetre- 
grammes; the total energy expended was 780,000 centi- 
metre-grammes. 

TEST ON NEW ZEALAND NEPHRITE (NO. 13030). 

Test No. 7. — There was no striation in this cube and 
only one cleavage crack, to which the load was applied at 
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right angles. The average height of the cube was .496 of 
an inch. It stood 85 blows, or a final blow of 85,000 centi- 
metre-grammes ; the total energy expended was 3,655,000 
centimetre-grammes. 



TABLE OF RESULTS. 



Locality 


Test 

num- 

ber 


Direction of 
blow 


Number 
blows to 
produce 
fracture 


Energy 
of final 
blow in 
cen.-gra. 


Total energy 
expended 
in producing 
fracture 
in cen.-grs. 


Burma 
(No. 13336) 


1 


Right angles to 
cleavage 


100 


100,000 


5,050,000 


Burma 
(No. 13336) 


2 


Parallel to 
cleavage 


103 


103,000 


5,356,000 


Burma 
(No. 13336) 


3 


Parallel to 
cleavage 


112 


112,000 


6,328,000 


Burma 
(No. 13336) 


4 


Right angles to 
cleavage 


131 


131,000 


8,646,000 


China 
(No. 13268) 


5 


Right angles to 
cleavage 


81 


81,000 


3,321,000 


China 
(No. 13268) 


6 


Parallel to 
cleavage 


39 


39,000 


780,000 


New Zealand 
(No. 13030) 


7 


Right angles to 
cleavage 


85 


85,000 


3.655,000 



TABLE OF AVERAGED RESULTS. 



Locality 


Direction of 
blow to cleavage 


Num- 

ber 

of 

cubes 

used 


Number 
blows to 
produce 
fracture 


Energy 
of final 
blow in 
cen.-grs. 


Total energy 
expended 
in producing 
fracture 
in cen.-grs. 


Burma 


Parallel 


2 


107.5 


107,500 


5,842,000 




Right angles 


2 


115.5 


115,500 


6,848,000 


China 


Parallel 


1 


39 


39,000 


780,000 




Right angles 


1 


81 


81,000 


3,321,000 


New Zealand 


Right angles 


1 


85 


85,000 


3,655,000 
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The table of averaged results shows, as was anticipated, 
that the strength of the specimen was greater when the 
blow was perpendicular to the cleavage planes than when 
it was parallel to them. This conclusion, however, is not 
completely borne out by the Burma jades, of which one 
(No. 4) showed greater strength and the other (No. 1) less 
strength than either of the specimens numbered 2 and 3, 
tested parallel to the cleavage planes. The number of 
tests is insufficient to demonstrate this point with certainty, 
and the great difference in the strength of the China jades 
(Nos. 5 and 6) may be due to some cause other than the 
difference in the direction of the blows. 

The most important fact brought out by the tests is the 
high resistance offered by jade to impact, the average for 
all the tests being 93 blows, whereas from the four speci- 
mens of slate tested the average was 16 blows, and from 
three specimens of granite 23 blows. The highest resisting 
power which has previously been obtained with this 
method of testing has been with 2 cm. cubes of diabase, of 
which one sustained 68 blows before fracture ; but as this 
test was made on a much larger specimen than the standard 
used for the jades, the results are not directly comparable. 
It is certain, however, with a test-cube of the same size the 
diabase would not have shown so high a result. 

A comparison of the strength of the different specimens 
shows a decided superiority of the Burma jade over the 
others ; the number of test pieces, however, is not sufficient 
to determine the relative positions of the China and New 
Zealand specimens. 

The Compression tests were made by Professor Ira 
Harvey Woolson of the Department of Mechanical 
Engineering at Columbia University, New York. 

In addition to inch-cubes of the material already 
described as having been used in the impact tests (Nos. 
13336, 13268, and 13030), Professor Woolson tested inch- 
cubes of two other specimens of jadeite from Burma, and 
two of nephrite from China (but probably of Turkistan 
origin) ; viz. : 
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No. 13102D, Crude jadeite from Burma ; specific gravity,. 
3.2466; hardness, 7; color, dark brownish-green on 
four sides of the cube, and yellowish-green on the 
other two sides. 

No. 13215, Jadeite boulder from Burma ; specific 
gravity, 3.2176; hardness, 7 ; color, dead-white 
with bluish-green markings ; homogeneous and 
compact, showing the included crystals very 
clearly. 

No. 13214, Fragment of a nephrite boulder from China, 
(probably Turkistan) ; specific gravity, 2.9825;. 
hardness, 6.5 ; color, light sage-green ; very com- 
pact and homogeneous ; showing scarcely any 
stratification. A number of black metallic spots — 
probably chromic iron — present. 

His report is as follows : 

COMPRESSION TESTS ON JADE. 

BY IRA HARVEY WOOLSON. 

With the exception of the two preliminary tests mado 
by Professor Jaczewsky on Siberian jade (already referred 
to), no attempts to determine scientifically the compressive 
strength of jade have ever been made. The results now to 
be given may therefore be styled unique and of unusual 
interest. 

The tests were made on an Emery Hydraulic Testing- 
Machine, the most accurate testing-machine known, and 
in view of the interest attaching to the material were 
carried on with the utmost care. 

The specimens were all inch-cubes, sawn to shape and 
rubbed to a smooth dull finish. So far as possible they 
were all tested on bed, that is, the load was applied at. 
right angles to the bedding planes ; but in two specimens, 
Nos. 13215 and 13336, the stratification was not suffi- 
ciently distinct to make a positive determination. The 
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compression faces were finished with much care and their 
contact with the steel compression plates of the testing 
machine made as perfect as possible. To insure still more 
perfect support and uniform distribution of load, a sheet 
of stiff blotting-paper was inserted between each face and 
the steel plate ; experience has shown that this material 
has no effect except to improve the support. The lower 
plate of the machine was fitted with a spherical adjustment 
which made it possible to apply the load squarely to the 
two compression faces of the specimens, even though they 
might be slightly out of parallel. 

In all cases except No. 18336 bis a compressometer was 
attached to the specimen, on a gauged length of f of an 
inch, and the amount of compression measured in hun- 
dred-thousandths of an inch for each 1000 lbs. per square 
inch increment of load. On one specimen 80 readings 
were taken, on three others 75 readings each, while on 
one 54 and on another only 40 readings were obtained 
because the specimens failed at loads only slightly above 
these points. 

Seven cubes in all were tested : Two of these were taken 
from the Burmese material No. 13336 of the Collection. 
The first of these, which had a flaw in one corner, meas- 
ured 1.001* x 1.013" x 1.009" ; area, 1.022 square inches. 
The load was applied to the apparent bedding of the 
material. When the load had reached 75,000 lbs. per 
square inch, the compressometer was removed, and the 
width was found to have increased from 1.013" to 1.014", 
and thickness from 1.009" to 1.011". The total compression 
in at a pressure of 75,000 lbs. per square inch was .0027 
inches = of 1 per cent. At 94,000 lbs. pressure a 
slight crack appeared on one corner, and the specimen 
suddenly failed with a sharp report at 94,450 lbs., break- 
ing into numerous small fragments. Ultimate strength 
per square inch 92,416 lbs. Time required, 2 hours. 

The second cube of No. 13336, which showed two flaws on 
one corner, measured 1.004" x 1.021" x 1.018" ; area 1.039 
square inches. As in the previous specimen, the load was 
applied at right angles 
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specimen began to show white mottled spots on the exposed 
faces at 65,000 lbs. These gradually increased until crush- 
ing began. The first crack was observed when the applied 
load had reached 76,400 lbs., and at 79,180 lbs. the specimen 
failed suddenly with a sharp report, breaking into fine 
pieces, somewhat prismatic. The ultimate strength proved 
to be 76,208 lbs. per square inch. Time, hours. The 
compressometer was not used on this specimen. 

No. 13268. A cube made from a nephrite boulder from 
China ; of a greenish-gray color, and apparently very com- 
pact, with a few spots of what seemed to be manganous 
oxide. It measured 0.998" x 1.016" x 1.013"; area in 
square inches, 1.029. Measured at a load of 75,000 lbs. 
per square inch, and just before removing the compres- 
someter, the width had increased from 1.016" to 1.018", and 
the thickness from 1.013" to 1.015". The total compression 
in |" at a load of 75,000 lbs. per square inch was .0036" = 
t 4 f of 1 per cent. At 80,100 lbs. of applied load one corner 
flaked slightly, and at 94,500 lbs. the specimen failed 
suddenly with a sharp report, being completely pulverized. 
The ultimate strength per square inch proved to be 
91,836 lbs. Time of test, 2 hours and 25 minutes. 

No. 13030. A cube from a nephrite boulder from the 
West Island of New Zealand; cut almost horizontally 
across the schistose structure of the material ; color, dark 
rich green ; dimensions 0.955" x 0.980" x 0.972"; area in 
square inches, 0.952. When a load of 65,000 lbs. per 
square inch was reached, cleavage planes which showed in 
the original cube became whitish, and were decidedly 
white on one side at 75,000 lbs. per square inch. A few 
white cracks also were visible at this load, but no spalling 
or breaking occurred until failure. Measured at a load of 
75,000 lbs. per square inch, just after the removal of the 
compressometer, the width was found to have increased 
from 0.980" to 0.987", and the thickness from 0.972" to 
0.975". The total compression in f of an inch at 75,000 
lbs. load per square inch = .0037 inches, or T Vo of 1 per 
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cent. The ultimate strength proved to be 92,332 lbs. per 
square inch, a pressure at which the specimen failed sud- 
denly with a sharp report, the cube being reduced to sand 
and fine fragments. Time occupied in the experiment, 2| 
hours. 

No. 13102D. A cube of crude jadeite from Burma, in 
parts coarsely granular ; color very light green in a white 
magna, showing large, apparently black patches in cloudy 
dark green ; dimensions, 0.945" x 0.968" x 0.981"; area, 
0.949 square inches. The specimen, which was not very 
perfect, and seemed to be filled with cleavage planes or 
seams in various directions, failed suddenly with only a 
slight report, while the compressometer was still attached, 
at the maximum load of 38,934 lbs. The total compression 
in |" at 40,000 lbs. load per square inch was 0.00075" = 
Aj of 1 per cent. (No. 13215, Burmese jadeite, when 
measured at the same load gave the same compression.) 
Ultimate strength of specimen, 41,000 lbs. per square inch. 
Time, 1 hour. 

No. 13215. Cube cut from a jadeite boulder from Burma ; 
color, dead white, with bluish-green markings ; homo- 
geneous and compact ; and clearly showing included crys- 
tals ; size 0.930" x 0.946" x 0.807"; area in square inches, 
0.763. The specimen failed suddenly without report at a 
maximum applied load of 41,987 lbs., while the compressom- 
eter was still attached to it, so that no lateral deformations 
were measured. Compressometer readings were made on 
gauged length of f" for each 1000 lbs. up to 55,000 lbs. per 
square inch. At 54,000 lbs. per square inch the total com- 
pression was 0.0012" = t V 6 o of 1 per cent.; at 40,000 lbs. it 
equalled 0.00074", or T V of 1 per cent. No. 13102D, measured 
at the same load, gave the same compression. At the 
crushing point the specimen broke in small fragments — 
somewhat prismatic. The ultimate strength was 55,000 
lbs. per square inch. Time, 1 hour and 10 minutes. 

No. 13214. Cube cut from a boulder from China (? Turkis- 
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tan). The material was compact and homogeneous, and 
showed scarcely any stratification. A number of black 
metallic spots, probably chromic iron, present ; color, light 
sage-green; dimensions 0.956" x 0.957" x 1.006"; area in 
square inches, 0.962. At 87,300 lbs. per square inch white 
spots began to appear beneath the surface of the specimen ; 
while at 89,500 lbs. per square inch it had as a whole a 
mottled or cloudy appearance. With a maximum load of 
91,600 lbs. it was suddenly shattered to. fine bits, with a 
sharp report. Much sand produced. Ultimate strength 
55,150 lbs. per square inch. Time, 2 hours. The com- 
pressometer was used and measurements taken on a gauged 
•length of for each 1000 lbs. of load up to 80,000 lbs. per 
square inch. At 75,000 lbs. the total compression per 
square inch = .00206" = of 1 per cent. At 80,000 lbs. 
it was .00228", or T 3 ¥ of 1 per cent. 



SUMMARY OF COMPRESSION TESTS. 



No. 


Material 


Maximum 
load 
in lbs. 


Ultimate 

strength 

per 

1 sq. inch 


Total 
compres- 
sion at 
75,000 lbs. 


Percent- 
age of 
i compres- 
sion 


Remarks 


13336 


Jadeite 


94,450 


92,416 


Inches 

.0027 


tW of H 




13336 




79,180 


76,208 


* 




^Compression 

not 

measured 








13268 


Nephrite 


94,500 


91,836 


.0030 


TT7 1# 




13030 


“ 


87,800 


92,332 


.0037 


49 n 

TT5U 




13102D 


Jadeite 


38,934 


41,000 


.00075f 


1 «< 
TT7 


•(■Compression 
measured at 
40,000 lbs. 


13215 


" 


41,987 


55,000 


.0012J 


16 

Tinr 


^Compression 
measured at 
54,000 lbs. 


13214 


Nephrite 


91,600 


95,150 


.00206 


2 7 <« 












.002281) 


8 

TIT 


•^Compression 
measured at 
80,000 lbs. 
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From this it is seen that the crushing point of the speci- 
mens tested ranges from 41,000 lbs., jadeite, to 95,000 lbs., 
nephrite, per square inch, and it is probable that these 
figures may be accepted as typical. When compared with 
the values given in the following table for building-stone, 



steel, and cast iron. 


, the average 


of many tests in all parts 


of the world, the 
apparent. 


greater tenacity of jade becomes very 


Sandstone, 


5,000 to 15,000 lbs. per square inch. 


Limestone, . 


7,000 ‘ 


‘20,000 “ “ 


Granite, 


15,000 4 


‘ 35,000 “ “ 


Mild Steel, . 


40,000 ‘ 


4 60,000 " “ 


Medium Steel, 


60,000 ‘ 


‘ 80,000 “ “ 


Cast Iron, 


60,000 ‘ 


‘ 80,000 “ “ 


JADE, 


41,000 ‘ 


‘ 95,000 “ “ 



It is true that special hard grades of steel and cast iron 
will stand much more than is indicated above, but it is 
scarcely fair to compare the strength of a mineral with the 
strength of iron metals. 

A few isolated cases are on record where samples of very 
fine-grained granite, bluestone, or vitrified sandstone have 
withstood 40,000 to 44,000 lbs. per square inch, but these 
are rare exceptions. So far as known these tests prove this 
material to be by far the strongest of all the mineral king- 
dom, and that it possesses rare physical characteristics 
independent of its beauty and ornamental features. 

The accompanying Tables show the physical properties 
determined by measurements of the deformations produced 
by successive loads of 1000 lbs. per square inch. 
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No. 13336. 

Burmese Jadeite. 
Area, 1.1042 sq. in. 



LOADS AND CORRESPONDING DEFORMATIONS. 



Applied loads 
in lbs. per 
sq. inch. 


Comp resso- 
meter read- 
ings in inches. 


Change of lengdh in inches. 


Modulus of 
elasticity. 


| Actual. 


Difference. 


500 


.01840 








700 


.01844 


.00004 






1000 


.01850 


.00010 


.00006 




2000 


.01850 


.00010 




14,900,000? 


3000 


.01860 


.00020 


.00010 


11,200,000 


4000 


.01866 


.00026 


.00004 


11,500,000 


5000 


.01866 


.00026 




14,400,000 


6000 


.01871 


.00031 


.00005 


14,500,000 


7000 


.01871 


.00031 




16,900,000 


8000 


.01871 


.00031 




19,300,000 


9000 


.01S77 


.00037 


.00006 


18,200,00a 


loooa 


.01877 


.00037 




20,200,000 


11000 


.01877 


.00037 




22,200,000 


12000 


.01877 


.00037 




24,300,000 


13000 


.01877 


.00037 




26,400,000 


14000 


.01883 


.00043 


.00006 


24,400,000 


15000 


.01888 


.00048 


.00005 


23,400,000 


16000 


.01888 


.00048 




25,000,000 


17000 


.01894 


.00054 


.00006 


23,600,000 


18000 


.01894 


.00054 




25,000,000 


19000 


.01899 


.00059 


.00005 


24,100,000 


20000 


.01899 


.00059 




25,400,000 


21000 


.01906 


.00066 


.00007 


23,900,000 


22000 


.01906 


.00066 




25,000,000 


23000 


.01910 


.00070 


.00004 


24,600,000 


24000 


.01910 


.00070 




25,700,000 


25000 


.01915 


.00075 


.00005 


25,000,000 


26000 


.01920 


.00080 


.00005 


24,400,000 


27000 


.01920 


.00080 




25,300,000 


28000 


.01925 


.00085 


.00005 


24,700,000 


29000 


.01925 


.00085 




25,600,000 


30000 


.01925 


.00085 




26,500,000 


31000 


.01930 


.00090 


.00005 


25,800,000 


32000 


.01930 


.00090 




26,600,000 
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No. 13336, Continued. 

LOADS AND CORRESPONDING DEFORMATIONS. 



Applied loads 
in lbs. per 
sq. inch. 


Comp resso- 
meter read- 
ings in inches. 


Change of length in inches. 


Modulus of 
elasticity. 


Actual. 


Difference. 


33000 


.01930 


.00090 




27,500,000 


34000 


.01930 


.00090 




28,400,000 


35000 


.01930 


.00090 




29,200,000 


36000 


.01935 


.00095 


.00005 


28,400,000 


37000 


.01935 


.00095 




29,200,000 


38000 


.01935 


.00095 




30,000,000 


39000 


.01940 


.00100 


.00005 


29,200,000 


40000 


.01940 


.00100 




30,000,000 


41000 


.01940 


.00100 




30,700,000 


42000 


.01945 


.00105 


.00005 


30,000,000 


43000 


.01945 


.00105 




30,700,000 


44000 


.01950 


.00110 


.00005 


30,000,000 


45000 


.01956 


.00116 


.00006 


29,100,000 


46000 


.01961 


.00121 


.00005 


28,500,000 


47000 


.01967 


.00127 


.00006 


27,800,000 


48000 


.01972 


.00132 


.00005 


28,000,000 


49000 


.01972 


.00132 




28,600,000 


50000 


.01978 


.00138 


.00006 


27,200,000 


51000 


.01978 


.00138 




27,700,000 


52000 


.01978 


.00138 




28,200,000 


53000 


.01983 


.00143 


.00005 


27,800,000 


54000 


.01989 


.00149 


.00006 


27,200,000 


55000 


.01989 


.00149 




27,700,000 


56000 


.01994 


.00154 


.00005 


27,300,000 


57000 


.01994 


.00154 




27,700,000 


58000 


.02000 


.00160 


.00006 


27,200,000 


59000 


.02005 


.00165 


.00005 


26,800,000 


60000 


.02010 


.00170 


.00005 


26,400,000 


61000 


.02010 


.00170 




26,900,000 


62000 


.02016 


.00176 


.00006 


26,400,000 


63000 


.02016 


.00176 




26,800,000 


64000 


.02022 


.00182 


.00006 


26,300,000 


65000 


.02027 


.00187 


.00005 


26,100,000 


66000 


.02033 


.00193 


.00006 


25,600,000 


67000 


.02038 


.00198 


.00005 


25,400,000 


68000 


.02049 


.00209 


.00011 


24,400,000 


69000 


.02060 


.00220 


.00011 


23,500,000 
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Atf. 18336, Continued. 

LOADS AND CORRESPONDING DEFORMATIONS. 



Applied loads 
in lbs. per 
sq. inoh. 


Comp resso- 
meter read- 
ing's in inches. 


Change of length in inches. 


Modulus of 
elasticity. 


Actual. 


Difference. 


70000 


.02072 


.00232 


.00012 


22,700,000 


71000 


.02090 


.00250 


.00018 


21,300,000 


72000 


.02096 


.00256 


.00006 


21,000,000 


73000 


.02102 


.00262 


.00006 


20,900,000 


74000 


.02108 


.00268 


.00006 


20,700,000 


75000 


.02114 


.00274 


.00006 


20,500,000 


92416 


Breaking' 


Load. 







No. 13268. 

Chinese Nephrite. 

Ax’ea, 1.029 sq. in. 

LOADS AND CORRESPONDING DEFORMATIONS. 



Applied loads 
in lbs. per 
sq. inch. 


C o m p resso- 
meter read- 
ings in inches. 


Change of lenj 


gth in inches. 


Modulus of 
elasticity. 


Actual. | 


Difference. 


700 


.02220 








1000 


.02230 


.00010 




7,500,000 ? 


2000 


.02270 | 


. .001)50 




3,000,000 


3000 


.02287 


.00067 


.00017 


3,300,000 


4000 


.02294 


.00074 


.00004 


4,050,000 


5000 


.02300 


.00080 


.00006 


4,700,000 


6000 


.02307 


.00087 


.00007 


5,200,000 


7000 


.02314 


.00094 


.00007 


5.600.000 


8000 


.02320 


.00100 


.00006 


6,000,000 


9000 


.02320 


.00100 




6,700,000 


10000 


.02326 


.00106 


.00006 


7,000,000 


11000 


.02339 


.00119 


.00013 


6,300.000? 


12000 


.02346 


.00126 


.00007 


7,200,000 


13000 


.02353 


.00133 


.00007 


7,300,000 


14000 


.02360 


.00140 


.00007 


7,500,000 


15000 


.02360 


.00140 




8,000.000 
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No. 13268, Continued. 

LOADS AND CORRESPONDING DEFORMATION S. 



Ap. liecl loads 
in lbs. per 
sq. inch. 


Comp resso- 
meter read- 
ings in inches. 


Change of length in inches. 


Modulus of 
elasticity. 


Actual. 


Difference. 


16000 


.02366 


.00146 


.00006 


8,200,000 


17000 


.02372 


.00152 


.00006 


8,400,000 


18000 


.02372 


.00152 




8,900,000 


19000 


.02378 


.00158 


.00006 


9,000,000 


20000 


.02384 


.00164 


.00006 


9,100,000 


21000 


.02384 


.00164 




9,600,000 


22000 


.02390 


.00170 


.00006 


9,700,000 


23000 


.02397 


.00177 


.00007 


9,700,000 


24000 


.02403 


.00183 


.00006 


9,900,000 


25000 


.02403 


.00183 




10,200,000 


26000 


.02410 


.00190 


.00007 


10,300,000 


27000 


.02420 


.00190 






28000 


.02416 


.00196 


.00006 


10,700,000 


29000 


.02423 


.00203 


.00007 


10,700,000 


30000 


.02423 


.00203 




11,100,000 


31000 


.02429 


.00209 


.00006 


11,100,000 


32000 


.02435 


.00215 


.00006 


11,200,000 


33000 


.02435 


.00215 




11,500,000 


34000 


.02440 


.00220 


.00005 


11,600,000 


35000 


.02446 


.00226 


.00006 


11,600,000 


36000 


.02446 


.00226 




11,900,000 


37000 


.02451 


.00231 


.00005 


12,000,000 


38000 


.02457 


.00237 


.00006 


12,000,000 


39000 


.02463 


.00243 


.00006 


12,000,000 


40000 


.02468 


.00248 


.00005 


12,100,000 


41000 


.02468 


.00248 




12,300,000 


42000 


.02477 


.00257 


.00009 


12,300,000 


43000 


.02479 


.00259 


.00002 


12,400,000 


44000 


.02479 


.00259 




12,700,000 


45000 


.02479 


.00259 




13,000,000 


46000 


.02485 


.00265 


.00006 


13,000,000 


47000 


.02490 


.00270 


.00005 


13,000,000 


48000 


.02495 


.00275 


.00005 


13,100,000 


49000 


.02500 


.00280 


.00005 


13,200,000 


50000 


.02500 


.00280 




13,400,000 


51000 


.02500 


.00280 




13,600,000 


52000 


.02500 


.00280 




13,900,000 
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No. 13268, Continued. 

LOADS AND CORRESPONDING DEFORMATIONS. 



Applied loads 
in lbs. per 
sq. inch. 


C o in p resso- 
meter read- 
ing’s in inches. 


Change of length in inches. 


Modulus of 
elasticity. 


Actual. 


Difference. 


53000 


.02505 


.00285 


.00005 


13,900,000 


54000 


.02511 


.00291 


.00006 


13,900,000 


55000 


.02516 


.00296 


.00005 


13,900,000 


56000 


.02522 


.00302 


.00006 


14,000,000 


57000 


.02522 


.00302 




14,100,000 


58000 


.02528 


.00308 


.00006 


14,100,000 


59000 


.02533 


.00313 


.00005 


14,200,000 


60000 


.02533 


.00313 




14,300,000 


61000 


.02533 


.00313 




14,600,000 


62000 


.02539 


.00319 


.00006 


14,600,000 


63000 


.02544 


.00324 


.00005 


14,600,000 


64000 


.02550 


.00330 


.00006 


14,600,000 


65000 


.02555 


.00335 


.00005 


14,600,000 


66000 


.02555 


.00335 




14,700,000 


67000 


.02555 


.00335 




14,900,000 


68000 


.02560 


.00340 


.00005 


15,000,000 


69000 


.02560 


.00340 




15,200,000 


70000 


.02566 


.00346 


.00006 


15,200,000 


71000 


.02572 


.00352 


.00006 


15,200,000 


72000 


.02577 


.00357 


.00005 


15,200,000 


73000 


.02577 


.00357 




15,300,000 


74000 


.02583 


.00363 


.00006 


15,300,000 


75000 

91836 


.02588 

Breaking 


.00368 

Load. 


.00005 


15,300,000 







No. 13030. 

New Zealand Nephrite. 

Area, .952 sq. in. 

LOADS AND CORRESPONDING DEFORMATIONS. 



Applied loads 
in lbs. per 
sq. inch. 


C o m p resso- 
meter read- 
ing’s in inches. 


Change of length in inches. 


Modulus of 
elasticity. 


Actual. 


Difference. 


500 


.00630 








800 


.00650 


.00020 




3,000,000 


1000 


.00650 


.00020 




3,800,000 


2000 


.00665 


.00035 


.00015 


4,300,000 


3000 


.00673 


.00043 


.00008 


5,200,000 


4000 


.00677 


.00047 


.00004 


6,400,000 


5000 


.006 S 1 


.00051 


.00004 


7,400,000 


6000 


.00683 


.00053 


.00002 


8,500,000 


7000 


.00685 


.00055 


.00002 


9,500,000 


8000 


.00689 


.00059 


.00004 


10,200,000 


9000 


.00697 


.00067 


.00008 


10,100,000 


10000 


.00698 


.00068 


.00001 


11,000,000 


11000 


.00699 


.00069 


.00001 


12,000,000 


12000 


.00700 


.00070 


.00001 


12,800,000 


13000 


.00703 


.00073 


.00003 


13,400,000 


14000 


.00704 


.00074 


.00001 


14,200,000 


15000 


.00705 


.00075 


.00001 


15,000,000 


16000 


.00706 


.00076 


.00001 


15,800,000 


17000 


.00706 


.00076 




16,800,000 


18000 


.00707 


.00077 


.00001 


17,500,000 


19000 


.00709 


.00079 


.00002 


18,000,000 


20000 


.00710 


.oooso 


.00001 


18,700,000 


21000 


.00717 


.00087 


.00007 


18,100,000 


22000 


.00720 


.00090 


.00003 


18,300,000 


23000 


.00723 


.00093 


.00003 


18,500,000 


24000 


.00730 


.00100 


.00007 


18,000,000 


25000 


.00734 


.00104 


.00004 


18,000,000 


26000 


.00737 


.00107 


.00003 


18,200,000 


27000 


.00744 


.00114 


.00007 


17,700,000 


28000 


.00747 


.00117 


.00003 


17,900,000 


29000 


.00750 


.00120 


.00003 


18,100,000 


30000 


.00755 


.00125 


.00005 


18,500,000 


31000 


.00759 


.00129 


.00004 


18,000,000 


32000 


.00763 


.00133 


.00004 


18,000,000 


33000 


.00767 


.00137 


.00004 


18,000,000 
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No. 13030, Continued. 

loads and corresponding deformations. 



Applied loads 
in lbs. per 
sq. inch. 


Comp res so- 
meter read- 
ing's in inches. 


Change of leiq 


^'th in inches. 


Modulus of 
elasticity. 


Actual. 


Difference. 


34000 


.00770 


.00140 


.00003 


18,200,000 


35000 


.00774 


.00144 


.00004 


18,200,000 


36000 


.00786 


.00156 


.00012 


17,300,000 


37000 


.00790 


.00160 


.00004 


17,300,000 


38000 


.00790 


.00160 




17,800,000 


39000 


.00795 


.00165 


.00005 


17,700,000 


40000 


.00799 


.00169 


.00004 


17,700,000 


41000 


.00799 


.00169 




18,100,000 


42000 


.00803 


.00173 


.00004 


18,200,000 


43000 


.00807 


.00177 


.00004 


18,200,000 


44000 


.00816 


.00186 


.00009 


17,700,000 


45000 


.00825 


.00195 


.00009 


17,300,000 


46000 


.00830 


.00200 


.00005 


17,200,000 


47000 


.00834 


.00204 


.00004 


17,200,000 


48000 


.00839 


.00209 


.00005 


17,200,000 


49000 


.00843 


.00213 


.00004 


17,200,000 


50000 


.00847 


.00217 


.00004 


17,200,000 


51000 


.00857 


.00227 


.00010 


16,800,000 


52000 


.00861 


.00231 


.00004 


16,800,000 


53000 


.00866 


.00236 


.00005 


16,800,000 


54000 


.00871 


.00241 


.00005 


16,800,000 


55000 


.00876 


.00246 


.00005 


16,700,000 


56000 


.00881 


.00251 


.00005 


16,700,000 


57000 


.00886 


.00256 


.00005 


16,700,000 


58000 


.00891 


.00261 


.00005 


16,800,000 


59000 


.00891 


.00261 




16,900,000 


60000 


.00896 


.00266 


.00005 


16,900,000 


61000 


.00902 


.00272 


.00006 


16,800,000 


62000 


.00902 


.00272 




17,100,000 


63000 


.00907 


.00277 


.00005 


17,000,000 


64000 


.00913 


.00283 


.00006 


16,900,000 


65000 


.00919 


.00289 


.00006 


16,800,000 


66000 


.00924 


.00294 


.00005 


16,800,000 


67000 


.00930 


.00300 


.00006 


16,700,000 


68000 


.00935 


.00305 


.00005 


16,700,000 


69000 


.00946 


.00316 


.00011 


16,400,000 


70000 


.00952 


.00322 


.00006 


16,300,000 
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Applied loads 
in lbs. per 
sq. inch. 


Comp resso- 
meter read- 
ing's in inches. 


Chang'e of len 


g'th in inches. 


Modulus of 
elasticity. 


Actual. 


Difference. 


71000 


.00957 


.00327 


.00005 


16,200,000 


72000 


.00976 


.00346 


.00019 


15,600,000 


73000 


.00982 


.00352 


.00006 


15,500,000 


74000 


.00994 


.00364 


.00012 


15,300,000 


75000 


.01000 


.00370 


.00006 


15,700,000 


92332 


Breaking 


Load. 







No. 13102D. 

Burmese Jadeite. 

Area, .9496 sq. in. 

LOADS AND CORRESPONDING DEFORMATIONS. 



Applied loads 
in lbs. per 
sq. inch. 


Comp resso- 
meter read- 
ings in inches. 


Change of length in inches. 


Modulus of 
elasticity. 


Actual. 


Difference. 


500 

1000 

2000 


.00228 

.00232 


.00004 




37,500,000 


3000 


.00238 


.00010 


.00006 


22,500,000 


4000 


.00241 


.00013 


.00003 


23,000,000 


5000 


.00241 


.00013 




28,800,000 


6000 


.00246 


.00018 


.00005 


25,000,000 


7000 


.00250 


.00022 


.00004 


23,900,000 


8000 


.00250 


.00022 




27,300,000 


9000 


.00250 


.00022 




30,700,000 


10000 


.00250 


.00022 




34,100,000 


11000 


.00250 


.00022 




37,500,000 


12000 


.00250 


.00022 




41,000,000 


13000 


.00255 


.00027 


.00005 


36,200,000 


14000 


.00255 


.00027 




39,000,000 


15000 


.00255 


.00027 




41,700,000 


16000 


.00260 


.00032 


.00005 


37,500,000 



\ 
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No. 13102D, Continued. 

LOADS AND CORRESPONDING DEFORMATIONS. 



Applied loads 
in lbs. per 
sq. inch. 


Comp resso- 
meter read- 
ing’s in inches. 


Change of length in inches. 


Modulus of 
elasticity. 


Actual. 


Difference. 


17000 


.00260 


.00032 




39,800,000 


18000 


.00265 


.00037 


.00005 


36,500,000 


19000 


.00270 


.00042 


.00005 


34,000,000 


20000 


.00270 


.00042 




35,700,000 


21000 


.00275 


.00047 


.00005 


33,500,000 


22000 


.00275 


.00047 




35,100,000 


23000 


.00275 


.00047 




36,700,000 


24000 


.00279 


.00051 


.00004 


35,300,000 


25000 


.00279 


.00051 




36,800,000 


26000 


.00279 


.00051 




38,300,000 


27000 


.00279 


.00051 




39,700,000 


28000 


.00284 


.00056 


.00005 


37,500,000 


29000 


.00284 


.00056 




38,800,000 


30000 


.00284 


.00056 




40,100,000 


31000 


.00284 


.00056 




41,500,000 


32000 


.00284 


.00056 




42,800,000 


33000 


.00284 


.00056 




44,200,000 


34000 


.002S4 


.00056 




45,500,000 


35000 


.00284 


.00056 




47,000,000 


36000 


.00289 


.00061 


.00005 


44,200,000 


37000 


.00294 


.00066 


.00005 


42,100,000 


38000 


.00294 


.00066 




43,200,000 


39000 


.00298 


.00070 


.00004 


41,800,000 


40000 


.00303 


.00075 


.00005 


40,000,000 


41000 


.00324 

Breaking* 


.00096 

Load. 


.00021 


32,000,000 









JADE AS A MINERAL. 

No. 13215. 

Burmese Jadeite. 

Area, .7634 sq. in. 

LOADS AND CORRESPONDING DEFORMATIONS 



Applied loads 
in lbs. per 
sq. inch. 


Comp resso- 
meter read- 
ings in inches. 


Change of length in inches. 


Modulus of 
elasticity. 


Actual. 


Difference. 


500 


.01120 








1000 


.01130 


.00010 




7,500,000 


2000 


.01134 


.00014 


.00004 


10,700,000 


3000 


.01137 


.00017 


.00003 


13,200,000 


4000 


.01137 


.00017 




17,600,000 


5000 


.01141 


.00021 


.00004 


17,900,000 


6000 


.01141 


.00021 




21,400,000 


7000 


.01145 


.00025 


.00004 


21,000,000 


8000 


.01149 


.00029 


.00004 


20,700,000 


9000 


.01149 


.00029 




23,200,000 


10000 


.01149 


.00029 




25,800,000 


11000 


.01153 


.00033 


.00004 


25,000,000 


12000 


.01153 


.00033 




27,300,000 


13000 


.31153 


.00033 




29,600,000 


14000 


.01153 


.00033 




31,800,000 


15000 


.01153 


.00033 




34,100,000 


16000 


.01153 


.00033 




36,400,000 


17000 


.01157 


.00037 


.00004 


34,500,000 


18000 


.01157 


.00037 




36,500,000 


19000 


.01157 


.00037 




38,500,000 


20000 


.01161 


.00041 


.00004 


36,600,000 


21000 


.01166 


.00046 


.00005 


34,300,000 


22000 


.01166 


.00046 




35,900,000 


23000 


.01166 


.00046 




37,500,000 


24000 


.01166 


.00046 




39,100,000 


25000 


.01166 


.00046 




40,700,000 


26000 


.01170 


.00050 


.00004 


39,000,000 


27000 


.01170 


.00050 




40,500,000 


28000 


.01174 


.00054 


.00004 


38,900,000 


29000 


.01174 


.00054 




40,200,000 


30000 


.01178 


.00058 


.00004 


38,800,000 


31000 


.01178 


.00058 




40,000,000 


32000 


.01182 


.00062 


.00004 


38,700,000 


33000 


.01182 


.00062 




39,900,000 


34000 


.01182 


.00062 




41,100,000 
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No. 13215, Continued. 



LOADS AND CORRESPONDING DEFORMATIONS. 



Applied loads 


Comp resso- 


Change of length in inches. 




in lbs. per 


meter read- 






Modulus of 


sq. inch. 


ings in inches. 


1 




elasticity. 






Actual. 


Difference. 




35000 


.01186 


.00066 


.00004 


39,800,000 


36000 


.01190 


.00070 


.00004 


38,600,000 


37000 


.01190 


.00070 




39,600,000 


38000 


.01190 


.00070 




40,700,000 


39000 


.01194 


.00074 


.00004 


39,500,000 


40000 


.01194 


.00074 




40,500,000 


41000 


.01198 


.00078 


.00004 


39,400,000 


42000 


.01198 


.00078 




40,400,000 


43000 


.01198 


.00078 




41,700,000 


44000 


.01202 


.00082 


.00004 


40,300,000 


45000 


.01202 


.00082 




41,200,000 


46000 


.01207 


.00087 


.00005 


39,600,000 


47000 


.01211 


.00091 


.00004 


38,700,000 


48000 


.01211 


.00091 




39,600,000 


49000 


.01216 


.00096 


.00005 


38,300,000 


50000 


.01216 


.00096 




39,000,000 


51000 


.01216 


.00096 




39,800,000 


52000 


.01216 


.00096 




40,600,000 


53000 


.01220 


.00100 


.00004 


39,700,000 


54000 


.01238 


.00118 


.00018 


34,300,000 


* 55000 


.01328 


.00208 


.00090 


19,800,000 




* Breaking 


Load. 









Applied loads 
in lbs. per 
sq. inch. 


C o m p resso 
meter read- 
ing's in inches. 


Change of lengdh in inches. 


Modulus of 
elasticity. 


Actual. 


Difference. 


500 


.02490 








600 


.02495 


.00005 




9,000,000 


700 


.02500 


.00010 


.00005 


5,200,000 


800 


.02500 


.00010 




6,000,000 


900 


.02505 


.00015 


.00005 


4,500,000 


1000 


.02505 


.00015 




5,000,000 


2000 


.02511 


.00021 


.00006 


7,100,000 


3000 


.02517 


.00027 


.00006 


8,300,000 


4000 


.02522 


.00032 


.00005 


9,400,000 


5000 


.02522 


.00032 




11,700,000 


6000 


.02528 


.00038 


.00006 


11,800,000 


7000 


.02528 


.00038 




13,800,000 


8000 


.02528 


.00038 




15,700,000 


9000 


.02528 


.00038 




17,800,000 


10000 


.02528 


.00038 




19,700,000 


11000 


.02533 


.00043 


.00005 


19,400,000 


12000 


.02533 


.00043 




20,900,000 


13000 


.02533 


.00043 




22,600,000 


14000 


.02533 


.00043 




24,400,000 


15000 


.02533 


.00043 




26,200,000 


16000 


.02539 


.00049 


.00006 


24,500,000 


17000 


.02539 


.00049 




26,000,000 


18000 


.02544 


.00054 


.00005 


25,000,000 


19000 


.02544 


.00054 




26,400,000 


20000 


.02544 


.00054 




27,800,000 


21000 


.02550 


.00060 


.00006 


26,300,000 


22000 


.02550 


.00060 




27,500,000 


23000 


.02550 


.00065 


.00005 


26,500,000 


24000 


.02550 


.00065 




27,700,000 


25000 


.02550 


.00065 




28,900,000 


26000 


.02560 


.00070 


.00005 


27,800,000 


27000 


.02560 


.00070 




28,900,000 


28000 


.02560 


.00070 




30,000,000 


29000 


.02566 


.00076 


.00006 


28,600,000 


30000 


.02566 


.00076 




29,600,000 
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JSfo. 13214, Continued. 

LOADS AND CORRESPONDING DEFORMATIONS. 



Applied loads 
in lbs. per 
sq. inch. 


Comp resso- 
meter read- 
ing’s in inches. 


Change of length in inches. 


Modulus of 
elasticity. 


Actual. 


Difference. 


31000 


.02566 


.00076 




30,600,000 


32000 


.02572 


.00082 


.00006 


29,300,000 


33000 


.02577 


.00087 


.00005 


28,400,000 


34000 


.02583 


.00093 


.00006 


27,400,000 


35000 


.02588 


.00098 


.00005 


26,800,000 


36000 


.02588 


.00098 




27,500,000 


37000 


.02588 


.00098 




28,300,000 


38000 


.02594 


.00104 


.00006 


27,400,000 


39000 


.02599 


.00109 


.00005 


26,800,000 


40000 


.02599 


.00109 




27,500,000 


41000 


.02599 


.00109 




28,200,000 


42000 


.02605 


.00115 


.00006 


27,400,000 


43000 


.02605 


.00115 




28,000,000 


44000 


.02605 


.00115 




28,600,000 


45000 


.02605 


.00115 




29,300,000 


46000 


.02605 


.00115 




29,900,000 


47000 


.02610 


.00120 


.00005 


29,400,000 


48000 


.02615 


.00125 


.00005 


29,600,000 


49000 


.02620 


.00130 


.00005 


28,200,000 


50000 


.02620 


.00130 




28,800,000 


51000 


.02620 


.00130 




29,400,000 


52000 


.02620 


.00130 




29,900,000 


53000 


.02625 


.00135 


.00005 


29,400,000 


54000 


.02630 


.00140 


.00005 


28,900,000 


55000 


.02630 


.00140 




29,400,000 


56000 


.02635 


.00145 


.00005 


29,000,000 


57000 


.02640 


.00150 


.00005 


28,500,000 


5S000 


.02645 


.00155 


.00005 


28,000,000 


59000 


.02650 


.00160 


.00005 


27,600,000 


60000 


.02655 


.00165 


.00005 


27,300,000 


61000 


.02659 


.00169 


.00004 


27,000,000 


62000 


.02664 


.00174 


.00005 


26,700,000 


63000 


.02669 


.00179 


.00005 


26,400,000 


64000 


.02674 


.00184 


.00005 


26,100,000 


65000 


.02674 


.00184 




26,400,000 


66000 


.02678 


.00188 


.00004 


26,300,000 


67000 


.02680 


.00190 


.00002 


26,400,000 
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JADE AS A MINERAL. 

No. 13214, Continued. 

LOADS AND CORRESPONDING DEFORMATIONS. 



Applied loads 
in lbs. per 
sq. inch. 


Comp resso- 
meter read- 
ings in inches. 


Change of len 


gth in inches. 


Modulus of 
elasticity. 


Actual. 


Difference. 


68000 


.02683 


.00193 


.00003 


26,500,000 


69000 


.02684 


.00194 


.00001 


26,600,000 


70000 


.02686 


.00196 


.00002 


26,800,000 


71000 


.02687 


.00197 


.00001 


27,000,000 


72000 


.02687 


.00197 




27,400,000 


73000 


.02687 


.00197 




27,800,000 


74000 


.02692 


.00202 


.00005 


27,500,000 


75000 


.02696 


.00206 


.00004 


27,300,000 


76000 


.02701 


.00211 


.00005 


27,000,000 


77000 


.02705 


.00215 


.00004 


26,800,000 


78000 


.02710 


.00220 


.00005 


26,600,000 


79000 


.02714 


.00224 


.00004 


26,400,000 


80000 


.02718 


.00228 


.00004 


26,300,000 


95150 


Breaking 


Load. 







Amount of Deformation . — On comparing the columns 
of “Differences” in the tables given above, it will be noted 
that the amount of compression for each additional load of 
1000 lbs. per square inch of area was very uniform through- 
out the whole set of tests. With few exceptions the 
maximum variation for the whole 400 observations taken 
was about .0001 of an inch, and the majority of the varia- 
tions were within .00003 of an inch. This uniformity is 
slightly more apparent in the tests of nephrite than in 
jadeite. 

In many instances, particularly with the jadeite, several 
increments of load would be added before any additional 
increase in deformation would be observed. In this 
respect it was more erratic than the nephrite. However, 
considering the very small value of 
and the fact that the specimens were not duplicates, the 
results are really quite wonderful. Attention must also 
be called to the fact that all the variation recorded is not 
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due to deformation of the specimen. A certain proportion 
must be charged to unavoidable errors in reading the 
instrument, and a considerable portion to errors in the 
instrument itself. The Olsen compressometer used was 
the only one obtainable suited for so short a gauged length 
as | of an inch. It read directly to only T o^oir (-0001) of 
an inch, and smaller values were estimated. The instru- 
ment was not as accurate as claimed by its maker, though 
by carefully standardizing, and obtaining its errors for the 
range over which it was used, it was possible, by applying 
corrections, to get quite accurate observations. An initial 
load of 500 to 1000 lbs. per square inch was applied before 
readings were begun, and most of the records are not to be 
fully depended upon until a load of 2500 lbs. per square 
inch has been reached. By that time specimen and 
instrument have settled to a rigid bearing and the readings 
become logical. 

The total amount of compression as expressed in per- 
centage of the gauged length of f of an inch is also quite 
uniform. On the four specimens where measurements 
were obtained at loads of 75,000 lbs. per square inch, the 
amounts of compression were practically fV, T 3 o, tV, an( i to 
of 1 per cent — a variation of only fV of 1 per cent, in 
all. With the two jadeites from Burma, which broke at 
40,000 lbs. and 55,000 lbs. per square inch respectively, 
measurements made at 40,000 lbs. per square inch on each 
give exactly the same amount of compression; viz., T V of 
1 per cent. 

Numerous attempts were made to determine if perma- 
nent set remained after the application and removal of 
certain definite loads, but the amounts were so small, if 
any really existed, they were beyond the capacity of the 
instrument to measure accurately, so the plan was 
abandoned. 

Specimens Nos. 13336, 13268, and 13030 were measured 
laterally while sustaining a load of 75,000 lbs. per square 
inch, and these dimensions were found to have increased 
in proportion as the vertical dimensions had decreased. 
With one exception (which may have been an error in 
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reading), this expansion in each direction was from \ to § 
of the total compression which the cube had suffered 
owing to the load it was supporting. 

Elastic Limit — With the possible exceptions of Nos. 
13102D and 13215, none of the specimens showed any 
clearly defined Elastic Limit under the loads for which 
deformations were measured. The two exceptions crushed 
before the instrument was removed, so deformation read- 
ings were taken up to the point of failure. In these two 
instances there is a large increase in the amount of com- 
pression just previous to the failure (see Plate of Stress- 
Diagrams) and would seem to indicate an Elastic Limit, 
though the point is so near the breaking load it is quite 
probable that final disintegration had begun. 

Modulus of Elasticity . — The modulus of elasticity was 
calculated for each deformation measured. In computing 

* V 

this the well-known formula E = ^ was employed, in 
which 

E = modulus 
p = unit load 
d = unit deformation 

It will be observed from the tables that the modulus of 
elasticity has a marked variation for the different speci- 
mens, and for different loads on the same specimen, but 
this is to be expected with such material. It is well 
known that the modulus of elasticity of stone is quite 
variable, and increases with increase of load over quite 
large ranges of application, often differing by several 
millions in value. This characteristic is very marked in 
these tests, but as a whole the results are surprisingly 
regular when one takes into consideration the widely 
varying character of the specimens, the very small length 
measured, on account of which a slight variation in the 
fourth decimal place of measurement would make a differ- 
ence of hundreds of thousands in calculating the value of 
the modulus. 
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The varying value of the modulus for each specimen are 
clearly shown in the accompanying diagram, where all the 
moduli for each test were plotted to scale, and the average 
curves drawn. 

In all cases the modulus gradually increased with the 
load ; sometimes this continued to the point where the 
instrument was removed, as in the nephrite from China, 
No. 13268; sometimes it rose to a maximum and prac- 
tically held there, with moderate fluctuations for some 
time, then reduced slightly as in the case of the New 
Zealand nephrite No. 13030, and the Chinese nephrite No. 
13214, while in the case of the Burmese jadeite No. 13336 
it rose to a maximum in the same way, then took a decided 
fall with gradual regularity. 

The two jadeites from Burma, No. 13215 and No. 13102D, 
both crushed while the compressometer was still attached, 
and they both show a sharp falling off of the modulus dur- 
ing the application of the last few thousand pounds of 
load. This was undoubtedly due to incipient failure of the 
specimen. The former — No. 13215 — gives a very regular 
curve, but the curve of the latter is exceedingly erratic in 
its character, for which no cause is apparent. Probably 
due to errors in reading the instrument. 

The most remarkable feature of these figures, and 
the one which shows more clearly than anything 
else the wonderful tenacity and elasticity of this rare 
mineral, is the very high value which the modulus 
attains. 

The minimum value is 3,000,000 and the highest 

47.000. 000. Four specimens gave a maximum of over 

30.000. 000, and for No. 13268 (the lowest record) the 
maximum was 15,000,000. 

The extraordinary character of these figures will be best 
understood by reference to the following table, giving the 
approximate values of the modulus of elasticity for vari- 
ous well-known materials as determined by United States 
Government tests : 
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Steel, 

Cast Iron, 

Marble, 

Blue Stone, 

Granite, 

Limestone, 

Sandstone, 



28.000. 000 to 30,000,000 

12.000. 000 “ 27,000,000 

6.000. 000 “ 14,000,000 

4.000. 000 “ 9,000,000 

2.000. 000 “ 9,000,000 

3.000. 000 “ 5,000,000 

1.000. 000 “ 5,000,000 



JADE, 



3,000,000 “ 47,000,000 



The figures given for stone are considerably higher than 
those given by Professor Bauschinger from investigations 
on Bavarian stone. 



TENSION TESTS. 

These also were made by Professor Woolson with the 
same Emery Hydraulic Testing-Machine, and on specimens 
of the carefully selected and typical material already 
described as having been used in the other tests ; viz. : 
13336, jadeite from Burma ; 13268, nephrite from China ; 
and 13030, nephrite from New Zealand. Only one speci- 
men of each was tested. They were of the shape and size 
shown in the annexed diagram. 
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The results are here tabulated : 



Material 


Jadeite 


Nephrite 


Nephrite 


Source 


Burma 


China 


New Zealand 


No. on Specimen. . 


13336 


13268 


13030 


Thickness 


.570 inches 


.505 inches 


.517 inches 


Average width at 
Fracture 


.564 inches 


.540 inches 


.700 inches 


Area at Fracture . . 


.265 sq. inches 


.270 sq. inches 


.362 sq. inches 


Maximum Load. . . 


1340 lbs. 


1620 lbs. 


1970 lbs. 


Strength per sq. 
inch 


5056 lbs. 


5959 lbs. 


5442 lbs. 


Character of Frac- 
ture 


Square across 


Somewhat ragged 


Quite irregular 


Time of Test 


10 minutes 


and at an angle 
8 minutes 


and ragged 
11 minutes 



Remarks : Seams in structure of Nos. 13268 and 13030 turned white 
when nearing the maximum load. 

At a pull of 1920 lbs. the first crack occurred in No. 13030, and the 
specimen opened on one side. 

The figures are very uniform, but are in no way as 
striking as the compression tests. The specimens were so 
short it was impossible to attach an instrument for meas- 
uring the deformation, so the ultimate strength was the 
only result obtained. 

The great cohesive power of jade is very clearly shown 
by these tests of Woolson and Page. It is this wonderful 
resistance to stresses of every kind which conduces to 
the enduring quality of the mineral and makes it pos- 
sible to carve it into the most delicate forms and impart 
to it such a high polish. Crystals of diopside, tremolite, 
and actinolite, the equivalents of the jade minerals in com- 
position and hardness, possess none of the great tenacity 
which isolates nephrite and jadeite. After what has been 
said above, however, under the head of Structure, it is not 
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difficult to understand that this great difference in cohe- 
siveness is to be traced to the fibrous character of jade, the 
individuals which compose the mass being so compactly 
felted, woven, and twisted together that the whole pos- 
sesses a power of resistance to fracture or to cutting far 
above that of the individuals themselves. 

It is said of nephrite, as of almost every rock or mineral 
that is mined, that when first taken from the mine it is 
susceptible of being much more readily worked than later. 
There is a possibility that while it still contains a little 
quarry-water it may be a trifle more readily worked, but 
this has never been proved. Indeed, it is the difficulty of 
quarrying jade that impels the quarry-men of Burma to 
resort to the use of fire in detaching the jade mass from its 
bed. This difficulty was well illustrated in the writer’s 
experience at the Jordansmuhl quarry in April, 1899, when 
an attempt was made by drilling and blasting to remove 
the large block of nephrite weighing 2140 kilogrammes, 
now in the Bishop Collection. After a few blows on the 
head of the drill the point broke off, much to the surprise 
of the workmen, and the blasting had to be abandoned. 

FRACTURE. 

The fibrous structure which gives to the jade minerals 
their exceptional tenacity is again expressed in their mode 
of fracture. Both jadeite and nephrite possess a very per- 
fect cleavage parallel to the prismatic planes of their crys- 
tals ; but as a rule the individuals are so small in both 
minerals that these cleavages are imperceptible and the 
fracture surface is very uneven, splintery, and as though 
dusted over with minute slivers of the substance, the rough- 
ness being readily felt if the finger be drawn across the sur- 
face. It may best be likened to the surface of broken horn. 

This type of fracture is, however, particularly character- 
istic of nephrite. The more granular jadeite, especially 
that of coarser grain, breaks with a distinctly granular 
fracture often not unlike that of marble — the cleavage of 
each grain being visible in the numerous glistening facets 
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that stud the surface. But even this granular fracture- 
surface is more or less rough and splintery, thus testifying 
to the tenacity with which the particles cling to one 
another. 



HARDNESS. 

Hardness, or the degree to which a substance resists 
abrasion, is one of the simplest and one of the most prac- 
tical means of distinguishing minerals, and especially in 
distinguishing jadeite from nephrite. It has been found 
that the hardness of pure nephrite is quite constant at 6.5 
of the Mohs scale, or that of microcline feldspar, i. e., it can 
be scratched by quartz, but will not scratch quartz ; 
whereas jadeite when pure is very constant at 7 (the hard- 
ness of rock-crystal), but it can be scratched by agate 
or chalcedony, which are a trifle harder than the crys- 
talline varieties of quartz (rock-crystal and amethyst). 
Consequently jadeite will scratch nephrite, especially when 
it is polished. If, therefore, a slab of polished nephrite be 
plainly scratched by a jade mineral, the latter cannot be 
nephrite and may be classed as jadeite. This, however, is 
true only of pure jadeite and pure nephrite. Errors may 
arise from the admixture of other minerals, in greater or 
smaller quantities. In some pieces these can be detected 
by the naked eye, or with the aid of a pocket lens, but can 
most surely be detected and identified by microscopic 
examination of thin sections. 

The hardness, according to the Mohs scale, of every piece 
in the Bishop Collection was determined by the present 
writer, by the methods common among mineralogists, and 
by means of finely pointed triers made of the following 
minerals : 

Topaz, with a hardness of 8 
Quartz, with a hardness of 7 
Microcline feldspar, with a hardness of 6.5 
Orthoclase feldspar, with a hardness of 6 
Apatite, with a hardness of 5 

To corroborate the results thus obtained and for pur- 
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poses of comparison, a set of six additional triers was made 
from typical pieces of jadeite and nephrite in the Collec- 
lection. These, like the five already mentioned, consisted 
of small prismatic sections, 4 to 5 mm. in breadth, and 10 
to 20 mm. in length, pointed at each end. They were as 
follows : 

13210 Crude jade from Silesia, No. 1 — Hardness 6.5 Mohs scale 



13211 “ 


“ “ Siberia, “ 


2— 


“ 


6.5 “ 


13030 “ 


“ “ New Zealand, “ 


3— 


“ 


6.5 “ 


13267 “ 


“ “ Burma, “ 


4— 


« * 


7 


13268 “ 


“ “ China, “ 


5— 


“ 


6.5 “ 


13215 “ 


“ “ Burma, “ 


6— 


“ 


7 



The triers were held firmly in the hand and then steadily 
drawn across the specimen to be tested for a distance of 
usually not more than 2 to 5 mm. The trier of the lowest 
hardness was first used, and then the next higher in 
regular succession until a scratch could be obtained, and 
owing to the extreme fineness of the points so delicate was 
this scratch that it was scarcely discernible by the naked 
eye. Indeed, in many cases it was necessary to use a 
pocket lens. In almost every instance the result was 
obtained with little difficulty, for even the mineralogical 
pieces had been polished on one side to show more clearly 
the color of a polished surface as well as that of the natural 
fracture or cleavage, and every archaeological object had 
either a polished or a smooth surface. Nephrite was not 
affected by orthoclase feldspar (unless part of it was 
decomposed), it was scarcely marked by microcline feld- 
spar, but could readily be scratched by quartz. Jadeite 
was not affected by microcline feldspar, scarcely by quartz, 
but markedly by chalcedony and agate points, which, 
although quartz, are slightly harder; and of course the 
jadeite of Burma scratched the nephrite from Silesia, 
Siberia, and New Zealand. 

In addition to these tests, 16 pieces were selected to be 
tested by the Microsclerometer, the ingenious instrument 
invented by Dr. Thomas Augustus Jaggar, Jr., of Harvard 
University, whose results, however, are stated according to 
a new scale in which corundum (corresponding to 9 in the 
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Mohs scale) has an empirical value of 1000 assigned to it. 
His report is as follows : 



MICROSCLEROMETER TESTS OF HARDNESS. 

BY THOMAS AUGUSTUS JAGGAR, JR. 

The only accurate mechanical tests of the hardness of 
jade that have been made, so far as known to the writer, are 
those by Martens (Zeitschr. fur Ethnologie , Yol. XXI Y., 
p. 248, 1892), for use intesting the hardness of metal in the 
Technical High School at Charlottenburg, Prussia. The 
mean width of scratch made by a diamond point of known 
dimensions, under constant weights, is taken as the deter- 
minant of relative hardness. A cone-shaped cut diamond 
of 9(P angular cross-section, is held, point downward, in the 
end of a balance arm ; a polished surface of the mineral is 
drawn under this point on a sliding carriage, and scratches 
are so produced under weights varying from 10 to 30 
grammes. The mean width of scratch (b) for 20 grammes 
is taken from direct readings under that weight, and the 
mean of weights greater and less (10, 15, 25, and 30 
grammes). The measurement of width of scratch is made 
with the microscope, using the ocular screw-micrometer 
and the Zeiss B objective (0.1 mm. equal to 7.382 rotations 
(R) of micrometer screw). Three faces of the nephrite 
were cut in different directions on the same specimen, and 
uniformly polished, and scratches were made in two direc- 
tions at right angles to each other on each face. The 
reciprocal values of the width of scratch (in mm.) are given 
as hardness grades. Unfortunately no tests with the Mohs 
scale are recorded as having been made by this method, 
and we have only metals for comparison. The following 
table shows the values 'obtained for this specimen of 
nephrite : 
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Face 


Direction of 
scratch 


Mean width of 
scratch b, expressed 
in rotations R 


Hardness 
H=l/bX 7. 382/0.1 


I 


1 a 


0.530 


139 




1 b 


0.352 


210 


II 


2 a 


0.394 


187 




2 b 


0.406 


182 


III 


3 a 


0.362 


204 




3b 


0.344 


214 


Steel, 








blue tempered 




0.465 


159 


Steel, 








yellow tempered 




0.386 


191 



In the following pages are recorded the results of tests 
made with the microsclerometer, for a full description of 
which see the American Journal of Science, "Vol. IV., 
December, 1897, and Zeitschrift fur KrystallograpJiie 
etc., XXIX Bd., 3rd Heft, p. 262. The object of this 
instrument, like that of Martens, is to provide a precise 
method of measuring the resistance of a smooth surface of 
a substance to abrasion by a diamond point. 

The principle of the instrument is as follows : A diamond 
point of constant dimensions is rotated on an oriented 
mineral section under uniform rate of rotation and uniform 
weight to a uniform depth. The number of rotations of 
the point, a measure of the duration of the abrasion, varies 
as the resistance of the mineral to abrasion by diamond : 
this is the property measured. The instrument consists of 
the following parts, 

(1) A standard and apparatus for adjusting to microscope; 

(2) A balance beam and its yoke ; 

(3) A rotary diamond in its end ; 

(4) Apparatus for rotating uniformly ; 

(5) Apparatus for recording rotations ; 

(6) Apparatus for locking and releasing ; 

(7) Apparatus for recording depth ; 
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and it admits of measurement with any one of the four 
variables, rate, weight, depth, or duration. The last has 
been found most practical because it gives the highest 
values and hence admits of the most delicate gradation. 

For the tests with jade the diamond point was perfectly 
centred so that its action was that of a drill. The microm- 
eter scale was arranged parallel to a cross-hair of the 
ocular, set in the 45° position from lower right-hand 
quadrant to upper left, and the inclination of the scale was 
so adjusted that the three scale divisions nearest the centre 
should record a change of focus representing a boring to a 
depth of 15 y. It is important that these focal measure- 
ments be read always on the same part of the field of the 
ocular, as there is considerable variation in different parts, 
due to aberration. It is also necessary to adopt a uniform 
criterion of focal perfection, though the sharp focus is 
more easily read on a fine scale mm.) highly inclined, 
than on the coarse one (sV) formerly used. With a little 
practice the depth may be accurately read to within 
.0005 mm. of \ y. The rate adopted for these tests was 10 
revolutions of the diamond per second, and the weight 
used was 40 grammes. Polished sections of each specimen, 
averaging 0.4 mm. thick, were made and mounted on 
glass. An interesting check on the results attained was 
furnished by the degree of polish taken by different slides, 
and sometimes by different parts of the same preparation. 
As shown by Behrens ( Anleitung zur MikrocJiemische 
Analyse , 1895) the harder portions take the higher polish. 
Where more than one value for the same preparation is 
given in the following pages, the reference is to different 
parts of the same surface. Under a high power in the 
microscope the borings show an outer ring and a central 
pit ; this is due to the fact that the diamond point, 
microscopically, is not a perfect pyramidal point, but is a 
minute nipple surmounting edges which diverge at a wider 
angle ; the nipple bores the core and when the edges are 
reached the outer ring is abraded ; the boring may thus 
be described as somewhat funnel-shaped, steep about the 
centre and flaring above. In accordance with this 
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irregularity in the shape of the point, it is found that the 
downward movement of the micrometer per unit of depth 
is much more rapid at the beginning of a test than toward 
the end, when the retardation is very great after the first 
nipple tip is passed. The borings are seen to be perfectly 
clean, with the filings usually piled in a ring about the 
periphery. Slight sources of error in this series of tests 
are irregularities of rate and of initial surface and texture 
of preparation ; all results are averaged from at least three 
tests with eacli preparation. Uniformity of results was 
neither expected nor attained with jade surfaces, as the 
texture is extremely various and the substance is usually 
both mineralogically a mixture, and chemically impure. 
Constant results can be expected only from definite 
crystals of uniform composition and on a surface of known 
orientation relative to crystallographic form. 

As a basis for comparison special tests with the harder 
minerals of the Mohs scale were made by exactly the same 
procedure as was used throughout for the series of jade 
specimens, and gave the results shown below ; the hardness 
value is expressed in all cases with reference to a value for 
Corundum of 1000. It will be seen that the number of 
rotations of the diamond point, under 40 grammes weight, 
at the rate of ten rotations per second, to a depth of 15/*, on 
a corundum cleavage surface, was 25,814 ; if we give this 
mineral the empirical value of 1000 the corundum unit 
becomes 25,814. Each value as expressed in rotations of 
the boring point, for other minerals, is divided by this 
unit. 



Rotations Hardness 

Corundum 

Cleavage rliombohedron, 25814.00 1000 

Topaz 

Basal, 6113.66 236.8 

Quartz 

Average of prism and basal sections, 1525.66 59.1 

In the following description of tests with specimens of 
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nephrite and jadeite, the specific gravity, color, chemical 
characteristics, and petrograpliical peculiarities are 
appended in each case for comparison. The specimens 
are arranged in the order of increasing hardness. 

13251. Lake-dweller’s hatchet from Lake Constance, show- 
ing influence of heat, “burnt jade” ; specific 
gravity, 2.9035 ; color, ashy-gray ; nephrite, — 
fibrous. 

Petrography : In this thin section there is a faint 
suggestion of the patches derived from previous 
pyroxene, but the ampliibole fibres are in a con- 
fused aggregation, with occasionally longer 
streaks of nearly parallel fibres. There is a yel- 
lowish stain in part of the section which seems to 
be occasioned by hydrous oxide of iron. A brown 
mineral in thin plates resembles mica. No polish. 

Hardness : Too soft for these tests. About like 
fluorite in its action, the diamond bores through 
to the glass at once. Possibly the preparation is 
too thin. The material is softer, however, than 
any other in the collection examined. 

13210. Crude jade from Jordansmuhl, Silesia, Prussia; 

specific gravity, 2.9451 ; percentage of silica, 
54.44; color, spinacli-green, unevenly blended 
with black ; nephrite. 

Petrography : Numerous compact prisms of am- 
pliibole with marked microstructure. The prisms 
grade into fibres, are in parallel groups, and cross 
each other. No polish ; fibrous in appearance. 

Hardness : 

Revolutions Hardness 

(1) 333.8 = 12.9 

(2) 87.5 = 3.3 narrow soft streak. 

Remarks : Tests were made in lines across differ- 
ent parts of the slide, giving the following 
results: 1st line — 344, 496, 244, 341. Second 
line— 112, 63, 244. 

soft area 
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13267. Fragment of boulder from Burma ; specific gravity, 
3.1223; percentage of silica, 07.36; color, lettuce- 
green. 

Analysis shows an intermediate composition be- 
tween jadeite and nephrite, with alumina 10, 
magnesia 12, and soda 1. This is borne out by 
the specific gravity. 

Petrography : Classed as a mixture of jadeite and 
amphbole ; the prisms aciculai’, and fibrous. 
Amphibole pale green and pleochroic. 

Hardness : 

Revolutions Hardness 

624.5 = 24.2 

Remarks: Slide is irregularly polished, as though 
portions were harder, and this is confirmed by 
one abnormally hard reading as shown in follow- 
ing readings across slide : 557, 487, 587, 1403, 218, 
495. This accords with the probability of the 
mass being a mixture of nephrite with a little of 
the harder jadeite. 

13223. Hatchet from Neufchatel, Switzerland ; specific 
gravity, 3.0034 ; percentage of silica, 55.49 ; color, 
light olive-green. Composition of normal ne- 
phrite — higli magnesia and lime. 

Petrography : Most extreme case of a nephrite 
with parallel fibres, with striations that seem 
to be due to twinning parallel to orthopinacoid. 
Brown and white fibre zones. 

Hardness : 

Revolutions Hardness 

695.5 = 26.9 average 

869. = 33.6 brown zone 

522. = 20.2 white zone. 

Remarks : Readings 447, 597 white ; 661, 1077 
brown. 

13214. Chinese boulder; specific gravity, 2.9825; percent- 
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age of silica, 58.59 ; color, light sage-green ; 
nephrite. 

Analysis , quite normal, high in magnesia and 
lime. 

Petrography : A few fragments of jadeite remain ; 
the mass of the rock consisting of amphibole 
fibres, that in places reach the size of compact 
crystals. 

Hardness : 

Revolutions Hardness 

694.66 = 26.9 

Remarks : Readings 667, 716, 701. 

18211. Part of boulder from Belaja River, near Irkutsk ; 

specific gravity, 3.0188 ; percentage of silica, 
57.65 ; color, brilliant seaweed-green ; nephrite, 
very high in calcium. 

Petrography : Mottled patches map out the former 
pyroxene crystals, now altered to long streaks of 
parallel fibres of nephrite. 

Hardness : 

Revolutions Hardness 

750.5 = 29.0 

soft area = 458. = 17.7 

Remarks: 441, 475, 688, 830, 799, 685. 
soft area 

13268. Small boulder of white Chinese jade ; specific 
gravity, 2.9690 ; percentage of silica, 57.43 ; color, 
greenish-gray ; the surface incrusted with a 
patina of many shades from black to light brown. 
Nephrite, normal analysis, with high magnesia. 

Petrography : Coarse mottled patches representing 
the areas of original jadeite crystals, now altered 
to fan-like and splierulitic bundles of nephrite 
fibres. Other bundles in cross-section. Thus a 
close, but coarse, mesh of fibres. 

Hardness : 

Revolutions Hardness 

768.66 = 29.7 

Remarks : Readings 832, 770, 704. 
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13262R. White medallion, formerly part of a sceptre ; 

specific gravity, 2.9510 ; percentage of silica, 
57.77 ; color, opalescent white ; normal nephrite 
composition. 

Petrography : Large patches consisting of a 
microscopic aggregation of fibres of colorless 
amphibole that extinguish light between crossed 
nicols ; these patches correspond to the origi- 
nally twinned jadeite. There is also a mottling 
similar in size to that noticed in the large crys- 
tals of jadeite where it was the result of strain. 

Hardness : 

Revolutions Hardness 

1437.66 = 55.6 

Remarks : Constant readings — 1462, 1398, 1453. 

The sudden jump to double former hardness 
values should be noted. 




3095. Jadeite from Burma ; specific gravity, 3.3287 ; color, 
emerald-green blending into lighter tints ; no 
analysis. 

Petrography : A fibrous modification of jadeite 
which might almost be mistaken for fibrous 
amphibole. 

Hardness : 

Revolutions Hardness 




1649.25 = 63.8 (average of four best 

readings). 

Remarks : Preparation has deep green and white 
portions. The readings obtained were not uni- 
form : 1371, 7 18 , 1727, 1971 , 1528. 
white green 

13207. Green stone chisel, said to be from Siberia, but pur- 
chased in the City of Mexico ; specific gravity, 
2.9673 ; color, spinacli-green venated with black; 
no analysis ; nephrite. 

Petrography : Confused amphibole fibres. 
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Hardness : 

Revolutions Hardness 

1432. = 55.4 

974.33 = 37.7 average 3 softest parts 
1889.66 = 73.2 “ 3 hard parts. 

Remarks : There are considerable variations in the 
hardness in different parts of the surface of the 
section. Readings, 1466, 803, 1171, 1835, 2368, 949. 
This diversity of values in the same preparation 
is more noticeable in the harder specimens, and is 
probably due to an admixture of secondary ne- 
phrite with some original jadeite. 

13216. Hatchet from New Caledonia ; specific gravity, 
2.9311; percentage of silica, 52.60; color, dark 
brown with veins and lines of lighter shades ; 
normal nephrite. 

Petrography : Uniform mixture of amphibole fibres 
in divergent clusters sometimes almost splierulitic, 
without any special trace of original jadeite. 

Hardness : Gave very diverse results in different 
tests, and the cause of these differences does not 
appear. The preparation is rather thin, and this 
may affect results. In a first set of tests the 
mineral showed extraordinary hardness, almost 
equal to corundum ; in a later series it showed a 
moderate hardness. It is possible that the first 
results were influenced by some accident in the 
manipulation of the instrument. 

Revolutions Hardness 

1st series — 20069.5 = 777.4 
2nd “ — 2095 = 81.1 

13086. Adze from New Zealand; specific gravity, 3.2663; 

percentage of silica, 54.19 ; color, pear-leaf green, 
with lighter shades interspersed, and upon the 
rougher surface brown oxidation. 

Analysis : That of nephrite, with high magnesia 
and lime.'* 

*,111 regard to this specimen see Penfield’s Chemical Notes , on a later page. — 

Note by Editor. 
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Petrography : Probably impurities account for the 
abnormally high specific gravity; consists of 
minute fibres and particles with banded struc- 
ture ; small opaque spots, and crystals of a red- 
dish-brown isotropic mineral, surrounded by a 
white opaque substance — probably perovskite. 
This would account for the added weight. 

Hardness : 

Revolutions Hardness 

2544.5 = 98.5 

Remarks: Readings, 1382, 2217, 2611, 3135, 3377. 
Showed a singularly regular increase in hardness 
across the preparation in one direction. 

13030. Piece of natural jade from New Zealand ; specific 
gravity, 3.0122 ; percentage of silica, 57.78; color, 
dark rich green mottled with lighter tones ; 
nephrite in composition, considerable iron, and 
alkali strong. 

Petrography : Laminated fibres of nephrite with 
indications of crushing and dynamic metamor- 
phism. 

Hardness : 

Revolutions Hardness 

2754.4 = 106.7 

Remarks : Readings across preparation at distance 
of 0.3 mm. gave as follows : 2612, 4171, 2741, 
701, 960, 2458, 1790. Thus the readings differ 
soft area 

considerably, and a soft area is shown at one 
point. 

13266. Prehistoric Chinese celt; specific gravity, 2.9506; 

percentage of silica, 52.98; color, dark brown of 
various tints, grading to pale yellowish-brown and 
mingled with shades of gray ; nephrite, excess- 
ively high in magnesia — (25.49 per cent.). 

Petrography : A mixture of jadeite and nephrite, 
the latter derived from the former ; the mass is of 
nephrite fibres that sometimes reach the size of 
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compact crystals. A small amount of colorless 
jadeite occurs in fan-sliaped aggregates. 

Hardness : 

Revolutions Hardness 

On portions that have taken polish, 3963. = 153.4 
On portions that have not taken polish, 2050. = 79.4 
General average, 2861.2 = 111.2 
Remarks : Readings, 3700, 1317, 2542, 2122, 2219, 
3710, 4419. It is probable that the polished 
patches contain more jadeite, and the matt por- 
tions nephrite ; variations are also to be expected 
from differently oriented crystals. Note simi- 
larity of values in 1st and 6tli readings. 

13215. Piece of boulder of jadeite from Burma ; specific 
gravity, 3.2176 ; percentage of silica, 58.41 ; color, 
white mingled with a bluish-green. Jadeite, 
very high in alumina and soda, with only a little 
over 1 per cent, each of magnesia and lime. 
Petrography : Characteristic jadeite. Aggregate 
of crystals, sometimes long prisms. A colorless 
mineral acts as cement or matrix for the jadeite 
crystals, which may be analcite. 

Hardness : 

Revolutions Hardness 

General average, 2024.4 = 78.4 

Homogeneous polished jadeite, 3353.5 = 129.9 
Remarks : The preparation showed high polish ; 
the two highest values, from which the last figure 
above given was obtained, were clean small bor- 
ings remote from any cleavage cracks, which are 
present in most of the other borings. Readings, 
1066, 1696, 1410, 1657, 2473, 1635, 4234. 

13102C and 3). Two fragments of jadeite slabs cut 
from a boulder or weathered mass of Burmese 
jadeite: specific gravity, 3.2578, and 3.2466, 

respectively ; percentage of silica, 57.54 (average 
of three analyses of 13102C); coarsely granular ; 
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color, lavender, clouded with bright lettuce-green 
and dead black. 

Hardness : 

Revolutions Hardness 

3802 = 147.2 

Remarks : Highly polished ; some portions 

smoother, others dark and cleaved. The latter 
give the lowest readings, 5508, 5901, 2185, 2380, 
3343, 3498. Note the three sets of two like values 
each. Does this mark separate crystals ? 

SUMMARY. 



No. 


Name 


Specific 

gravity 


Silica 


Hard- 

ness 


Color 


Remarks 


13251 


Nephrite 


2.9035 




Soft 


Gray 


Burnt jade, matt 


13210 


“ 


2.9451 


54.44 


12.9 


Green 


A soft area, matt 


13267 


“ ? 


3.1223 


55.92 


24.2 


“ 


Irregular polish and 
hardness 


13214 


“ 


2.9825 


58.59 


26.9 


“ 


Some jadeite present 


13223 




3.0034 


55 48 


26.9 


“ 


Hard and soft zones 


13211 




3.0138 


57.65 


29 0 


“ 


A soft area 


13268 




2.9690 


57.43 


29.7 


Gray-green 




13207 


“ ? 


2.9673 




55.4 


Green 


H. very variable 


13262R 


“ 


2.9510 


57.77 


55.6 


White 


H. uniform 


3095 


Jadeite ? 


3.3287 




63.8 


Light green 


H. not uniform 


13216 


Nephrite 


2.9311 


52.60 


81.1 


Brown 


A first set of tests 
gave extraordi- 
nary II. = 777.4 


13086 


“ 


3.2663 


54.19 


98.5 


Green 


Impure 


13030 


“ 


3.0122 


57.78 


106.7 


“ 


H. not uniform 


13266 


Mixed 


2.9506 


52.98 


111.2 


Brown 


Irregular ; variable 
hardness 


13215 


Jadeite 


3.2176 


58.41 


129.9 


White 


Reading given is 
pure jadeite; aver- 
age is much low- 
er = 78.4 


13102C 


Jadeite 

Corundum 

Topaz 

Quartz 


3.2466 


57.49 


147.2 

1000. 

236.8 

59.1 


Lavender, 
green & black 


Variable II.; irregu- 
lar polish 



The tabulated results of these hardness tests on speci- 
mens of jadeite and nephrite show clearly that in most 
cases we have to do with mixtures. The harder members 
show great variations in a single specimen, indicating the 
presence of secondary nephrite. It is clear that the color 
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and amount of silica present are quite independent of the 
hardness. The specific gravity, also, shows great irregu- 
larities, and is probably affected by impurities, largely in 
the form of iron oxides. In general the specific gravity 
increases with the hardness, and both vary directly with 
the mineral composition ; both increase with the quantity 
of original jadeite which persists in the specimen, and 
decrease as secondary nephrite increases. The actual mean 
hardness of pure jadeite is probably not far from the value 
given for No. 13215, viz., 129.9, referred to a Corundum 
standard of 1000. From these tests it is not possible to 
state accurately the mean hardness of nephrite, as a smooth 
crystal surface of the mineral is not obtainable, and its 
varying fibrous texture influences widely the results. The 
values given for Nos. 13262R and 13207, namely about 55, 
represent an approximate mean for nephrite, or less than 
one-half the value given for jadeite. Thus jadeite as far 
as these tests are concerned, stands nearly midway between 
quartz and topaz, and nephrite is not quite as hard as 
quartz. No. 3095 is labelled 44 jadeite,” but no analysis or 
petrographic description of this specimen was seen by the 
writer, and while the specific gravity is high, we are inclined 
to attribute this to impurities ; in any case, the hardness, 
as determined by these tests, is that of nephrite. 



SPECIFIC GRAVITY. 



The density, or specific gravity, of jade offers a compara- 
tively simple problem for study. In jadeite we have a 
pyroxene, and in nephrite a member of the parallel ampliib- 
ole series. In general terms, other factors being equal, the 
pyroxenes are higher in specific gravity than the amphib- 
oles, and the difference is well beyond the range of experi- 
mental errors. The mean density of nearly §00 nephrites, 
according to the figures given elsewhere, is 2.95+. That of 
about 100 jadeites is 3.32+, and that of 6 chloromelanites is 
3.40+. Chloromelanite is essentially a jadeite containing 
a larger proportion of iron compounds, and to that cause 
mainly its higher specific gravity is due. The table which 
is given lower down well shows the range of variation in 
each group of jade. 

The determination of the density or specific gravity of 
every piece in the Collection that was not inseparably 
mounted in wood or metal was kindly undertaken by 
Professor William Hallock, of the Department of Physics 
in Columbia University, New York ; and his account of his 
methods, and of the special devices employed by him, is 
here given in full. 

PROFESSOR HALLOCK’ S ACCOUNT OF IIIS WORK. 

The determination of the density of a large number of 
such objects as are brought together in this wonderful 
Collection of Jades, and especially of large finely 
sculptured pieces, presents two problems of novel interest : 
first, the handling of a single piece weighing as much as 
60 kilogrammes (132 pounds), several weighing from 5 to 
15 kilogrammes (10 to 30 pounds) ; and secondly, a very 
large number of smaller articles. 

Apparently no one has heretofore attempted to deter- 
mine, by immersion, the density of an object weighing 

ill 
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more than a few pounds, and indeed there has been little 
or no necessity for such a determination, since it is but 
rarely that a heavier specimen is sufficiently homogeneous 
to make its density of interest, and if it were, a piece 
could be knocked off for examination ; but one cannot 
knock off a piece of an absolutely unique carved jade 
jardiniere. 

For the examination of the heavy articles a Kolilbusch 
bullion balance of 30 kilogrammes’ (1000 ounces) capacity 
was used ; two other Kolilbusch balances for moderate load, 
and a Becker analytical balance, were employed for the 
smaller articles, as the case required. For the great 
jardiniere with its mass of 60 kilogrammes, double the 
load of our largest balance, a special device had to be 
invented. It consisted of an auxiliary lever, or balance- 
arm, having three parallel steel knife-edges, one under 
each end and one on top about one-fourth the length from 
one end. The knife-edge under the short end rested upon 
a plate of glass mounted upon a wooden trestle, the knife- 
edge under the long end of the bar rested upon a plate of 
glass lying on the centre of the left-hand scale-pan. Upon 
the third knife-edge rested a plate of glass under a yoke, 
from which depended a hook upon which the object to be 
weighed could be hung. By placing a 10-kilogramme 
weight upon this hook it was possible to weigh the pres- 
sure upon the scale-pan and thus determine accurately the 
ratio of the lever arms. Hanging the jardiniere upon the 
hook its weight in air was observed, and then placing 
around it a tank of water it was possible to determine its 
weight when immersed in water, these two weights 
enabling one to calculate the density. The system is more 
efficient and convenient when the vertical plane through 
the balance beam and that through the auxiliary beam are 
approximately at right angles to each other. 

The other pieces of over one kilogramme mass were 
placed upon the pan of a suitable balance and weighed, 
one after another. Then replacing the ordinary pan of the 
balance with a skeleton pan hanging upon a single fine wire 
in a tank of water, the same articles were weighed in water. 
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A great number of the articles under one kilogramme in 
mass (over 500) were determined upon a special form of 
balance constructed for the work. The left pan was 
removed and in its stead was placed a two-story pan ; the 
upper one hanging directly on the beam, and the lower one 
hanging by a single tine wire from a hook under the upper 
pan. The lower pan was entirely submerged in a jar of 
water, only the suspending wire passing through the 
surface. Under these conditions the balance is counter- 
poised and adjusted and is then ready for the day’s use. 
It must, however, be readjusted from time to time, on 
account of the varying temperature and level of the water. 
This arrangement is very convenient and enables one to 
determine densities very easily, rapidly, and withal 
accurately. The object is placed in the upper pan and 
weighed in air, then upon the lower pan and weighed in 
water, and all is finished. In the latter part of the 
investigation a similar two-story pan was fitted to all the 
balances. Any difficulty arising from the capillary action 
of the surface of water where the wire passes through is 
readily eliminated by making small waves on the water ; 
for example, by tapping on the tank, or by putting the tip 
of the finger into the water while the weighing is going on. 

In all cases the article was first wetted with alcohol, 
then washed in an auxiliary tank of water, and then 
placed on the lower pan in the weighing tank ; in this way 
it was possible to ensure perfect wetting and the entire 
elimination of all air films and bubbles. In certain special 
cases where the article was slightly porous, it was weighed 
in water several times after periods of soaking ranging 
from a few hours to several days. The formula used to 
calculate the results is the usual one to be found in any 
reliable text-book : 



D — ( Q — E) + L, 



in which D is the density or specific gravity. 

M is the apparent weight of the body in air. 
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W is the apparent loss in weight of the body 
when suspended in water. 

Q is the density of the water in which the object 
is weighed. 

L is the density of the air at the temperature and 
barometric pressure existing during the 
weighings. In practice it is sufficiently 
accurate to assume L — 0.0012. 

This formula is rigidly correct, and allows for the 
buoyant effect of the air upon the weights as well as upon 
the object. 

The object is weighed in air and this weight is M ; it is 
then weighed while submerged in water whose tempera- 
ture is noted ; this weight in water subtracted from the 
weight in air gives IT, the loss in weight due to the 
buoyant effect of the water ; Q is obtained from a table 
giving the density of water at different temperatures. 

The specific gravity of over 1000 separate pieces, with a 
density of 2.9 and over, was determined by Professor 
Hallock. The figures given below are based on the first 
598 of these, and may be accepted as typical of all. 

Of the 598 specimens 6 were Chloromelanites 
101 Jadeites 

491 Nephrites 

From 2.9 up to 3.0 417 pieces averaged 2.9389 (Nephrite) 

3.0 “ “ 3.2 74 “ “ 3.0159 (Nephrite) 

3.2 “ “ 3.34 101 “ “ 3.3152 (Jadeite) 

3.34 upward 6 “ “ 3.4039 (Chloromelanite) 

Taking the nephrites all together the average is 2.9505 ; 
the jadeites and chloromelanites together show an average 
of 3.8202. 

Jadeites . 

6 Chloromelanites average 3.4039 

43 pieces have a specific gravity of 

27 
8 
4 

19 



3.33 + 
3.32 + 
3.31 + 
3.30+ 
3.20+ 



(average 
( “ 

( “ 

( “ 

( “ 



3.3351) 

3.3252) 

3.3182) 

3.3041) 

3.2527) 
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Nephrites . 



3 pieces have a specific 


gravity of 3.10+ 


(average 


3.1311) 


71 


3.00+ 


( 


u 


3.0109) 


34 


2.99+ 


( 


66 


2.9945) 


28 


2.98+ 


( 


u 


2.9843) 


45 


2.97+ 


( 


u 


2.9748) 


69 


2.96 + 


( 


u 


2.9642) 


145 


2.95 + 


( 


66 


2.9545) 


65 


2.94+ 


( 


66 


2.9461) 


24 


2.93 + 


( 


66 


2.9356) 


4 


2.92 + 


( 


66 


2.9256) 


1 


2.91 + 


( 


66 


2.9171) 


2 


2.90+ 


( 


66 


2.9035) 



491 nephrites average 2.9505 



When we study the individual specimens in detail, many 
differences of density appear ; but in most cases they are 
easily intelligible. In the less pure jadeites and in all the 
nephrites we have to deal with salts of lime and magnesia, 
which replace each other in varying proportions. An 
increase in magnesia tends to raise density, and an increase 
in lime to lower it. If, however, the lime in a specimen 
represents a pyroxene, as in No. 13086, the density will be 
higher than in an amphibole of similar composition. Iron 
increases density very perceptibly ; water, on the other 
hand, is a depressing agent. Again, an admixture of a 
lighter mineral diminishes specific gravity ; as in No. 
13215, a mixture of jadeite and analcite of density 3.2176, 
and in No. 13193, a jadeite and albite mixture of density 
2.8345. In short, the specific gravity of a given sample 
depends upon many factors, which often operate in differ- 
ent directions ; but as we approach the typical minerals in 
their greatest purity remarkably constant and uniform 
values appear. The statistical table shows how close the 
determinations run together, and indicates a remarkable 
uniformity in this particular. In most cases density alone 
will distinguish between jadeite and nephrite, but the first 
species contaminated by a lighter impurity may even fall 
below a nephrite which happens to be rich in iron. 




SONOROUSNESS. 



The resonant character of jade has long been known to 
the Chinese, and regarded by them as a sure sign of the 
genuineness of the material, when found united with trans- 
lucency and the proper color. “ Sounding-stones,’ 5 and 
stones for polishing them, are mentioned in the earliest 
historical records of China — twenty-three centuries B. C. — 
as tribute to be furnished by certain provinces, after the 
waters of the great Chinese flood had been regulated and 
drained off by Yu the Great, and the empire resurveyed by 
him.* 

Confucius played on the “ musical-stone,” and we find 
frequent reference to it in the early classical literature of 
the country. “ Full indeed is the heart of him who beats 
the musical-stone like that ” was the remark of a passing 
peasant as Confucius — the sage, and disappointed reformer 
— then a sojourner in the principality of Wei, sought 
solace in the tinkle of the sounding-stone as he bewailed the 
degeneracy of his times and the non-success of his teachings. 

The Book of Poetry , a collection of odes ranging in date 
from 1765 B. C. to the sixth century B. C., refers to the 
“ musical-stone” in connection with the mouth-organ, the 
flute, and the drum ; and in one of the odes whose theme 
was ceremonial music, we are told that 

n When the bells and drums sound in harmony 
And the sounding-stones and flutes blend their notes, 
Abundant blessing is sent down.” 

These musical-stones were of various kinds : 

(1) The “single-stone,” used “to receive the sound” at 
the end of a line, as in chanting a ceremonial hymn. 

*See the Shoo King , Yol. III. pt. i. p. 121, in Legge’s Chinese Classics (Lon- 
don and Hongkong, 1865). 
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series of sixteen, all of the same size and shape, but 
differing in thickness, forming the 44 stone chime,” 
used in court and religious ceremonies, 
series of twelve to twenty-four pieces carved into 
fantastic shapes forms what is called the 44 singers’ 
chime.” 

Jade was the material best adapted for musical uses, but 
we are told in the books that other stones were also in use, 
especially a kind of black calcareous stone which was 
more easily worked than jade.* 

The common form of the musical stones composing the 
stone chime is that of an undecorated obtuse-angled car- 
penter’s square with unequal arms, the longer — that 
usually beat — measuring 1.8 feet and the shorter, 1.35 feet. 

The Bishop Collection possesses several specimens of the 
decorated kind. Two of these (Nos. 3255 and 13,141) and 
a number of bowls and other objects, twenty-one in all, 
were selected for a series of special sound-tests by Professor 
Hallock of Columbia University, and his report, preceded 
by a description of the specimens tested, is now given in 
full. 

TWENTY-ONE JADE OBJECTS TESTED FOR SONOROUSNESS. 

No. 3176 A graceful ju-i sceptre of beautifully compact and pure neph- 
rite ; 46.4 cm. long ; 11 cm. broad; and 1.3 cm. thick ; 
weight, 33.792 oz.; specific gravity, 2.9620 ; broad oval 
head of four-lobed outline, carved in relief ; an incised 
inscription on the stem. 

A pair of plain rice-bowls of jadeite, 8 cm. in height and 
17.2 cm. in diameter ; specific gravity of No. 3098, 3.3376 ; 
of No. 3262, 3.3364 ; weight of 3098, 14.873 oz. ; weight 
of 3262, 12.617 oz. 

No. 3091 A bowl of remarkably pure jadeite, carved in slight relief, 
and known as a “camphor bowl” because of its resem- 
blance in color and texture to lump-camphor, showing 
a translucent ground, thickly interspersed with clouds of 
opaque white ; height 5.5 cm.; diameter, 16.5 cm. ; weight, 
11.415 oz.; specific gravity, 3.3374. It is so translucent in 
parts that print in contact with it can be read through it. 



Nos. 3098 
3262 



* See Chinese Music , by J. A. Van Aalst, 
Maritime Customs of China (Shanghai, 1884). 



published by the Imperial 
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No. 3105 A small circular fluted dish of translucent, homogeneous and 
compact nephrite, modelled after the conventional chrys- 
anthemum-pattern ; 3.5 cm. in height, and 16.6 cm. in 
diameter ; weight 7.591 oz., specific gravity, 2.9673. 

No. 3103 A rice-bowl of remarkably fine-grained, translucent, homo- 
geneous and compact nephrite, with a low foot cut in 
scallop fashion, and a double band of vertical flutings con- 
vex without and concave within. Height 5 cm. ; diameter 
12 cm.; weight 5.344 oz. ; specific gravity 2.9492. 

No. 3092 A highly polished nephrite bowl of remarkably pure material, 
and of almost egg-shell thinness, fluted into eight slightly 
bulging lobes, and poised upon a circular rimmed foot, 
and provided with handles carved in openwork with aspiral 
ornament. Height, 5.7 cm., diameter, 13.0 cm.; weight, 
6.204 oz.; specific gravity, 2.9506. 

No. 3101 A small teacup of exceedingly pure and transparent jadeite, 
with a circular rim round the foot, and a slightly etched 
design on the outside. Height, 4.5 cm. ; diameter, 10.5 
cm.; weight, 3.152 oz.; specific gravity, 3.3374. 

No. 3106 A small polished bowl without decoration or carving except 
an incised inscription underneath. The material is neph- 
rite, translucent, compact, and remarkably homogeneous 
in its texture. Height, 6.5 cm.; diameter, 14.3 cm.; 
weight, 10.293 oz. ; specific gravity, 2.9809. 

No. 13097D A small round saucer-like dish with three rings of flutings 
surrounding a convex button-shaped middle engraved 
with cross lines. The nephrite is translucent, very com- 
pact and homogeneous, with inclusions of a black metallic 
substance — probably chromite. Height, 3.5 cm. ; diameter, 
15.9 cm. ; weight, 7.216 oz. ; specific gravity, 2.9915. 

No. 13094 A round saucer-like dish, finely fluted in three concentric 
rings encircling a round, nearly flat, cross-hatched centre. 
The nephrite is translucent, and very hornlike in its gen- 
eral texture. Height, 3.8 cm.; diameter, 16.1 cm. ; weight, 
7.415 oz.; specific gravity, 2.9968. 

No. 3171 A large round dish of flattened saucer-like form, plain inside 
but covered outside with a carved decoration in slight 
relief. The nephrite is translucent, homogeneous and 
compact, and shows a number of inclusions. Height, 
2.5 cm., diameter, 27.6 cm.; weight, 20.024 oz.; specific 
gravity, 2.9757. 

No. 3129 A shallow undecorated bowl with flat base ; of translucent, 
homogeneous, and compact Siberian nephrite. Height, 
3.3 cm., diameter 12.2 cm.; weight, 5.425 oz. ; specific 
gravity, 3.0154. 
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No. 3060 A large flaring bowl with circular rimmed foot, of the variety 
of nephrite styled “ puddingstone jade.” Height, 7.3 cm.; 
diameter, 20.3 cm. ; weight, 17.448 oz. ; specific gravity, 
3.0034. 

No. 3023 A large round saucer-shaped dish, of conventional chrysan- 
themum design, carved out of the “ melting snow and 
moss ” variety of jadeite, so called from its general aspect. 
It is carved outside with a double ring of flutings, and 
inside with six concentric rings of florets or petals. 
Height, 4.7 cm.; diameter, 29.4cm.; weight, 50.116 oz. ; 
specific gravity, 3.3363. 

No. 3090 A large undecorated bowl of nephrite, which shows a marked 
horizontal stratification, as indicated by numerous inclu- 
sions of a black metallic mineral — probably chromite. 
Height, 9.2 cm., diameter, 16.8 cm. ; weight, 12.429 oz. ; 
specific gravity, 2.9499. 

No. 3232 A jadeite rice-bowl of beautifully translucent, homogeneous 
and compact texture, and so thin that print can be read 
through it at a distance of 3 to 4 mm. The color is some- 
what poetically but accurately described as suggesting 
“ bits of moss entangled in melting snow.” Height, 
7.75 cm. ; diameter, 18.45 cm.; weight, 13.716 oz. ; specific 
gravity, 3.3385. 

No. 3026 A large round saucer-shaped dish of very translucent, 
homogeneous nephrite, carved in relief with scrolls on the 
exterior, and polished to an exquisite thinness. Height, 
6.2 cm.; diameter, 28.5 cm.; weight, 19.627 oz. ; specific 
gravity, 2.9939. 

No. 3255 A “ musical stone ” in the form of a broad obtuse-angled 
band, carved in relief, with total length of 22.2 cm., a 
width of 10.8 cm., and thickness of 0.6 cm.; weight, 9.811 
oz. ; specific gravity, 2.9787. Translucent and compact 
nephrite of very sinewy structure. 

No. 13141 A small carved “ musical stone,” having the outline of a 
fish with bowed back, thus approaching the angular shape 
of a regulation hanging musical-stone with unequal arms. 
Total length, 24.0 cm.; breadth, 13.6 cm.; thickness, 0.9 
cm.; weight, 12.432 oz.; specific gravity, 3.3369. Trans- 
lucent, homogeneous and compact jadeite. 

No. 3075 A finely polished ruler or bar of translucent New Zealand 
nephrite ; of square section, 31.7 cm. ; long, and 1.25 cm. 
thick ; weight, 5.008 oz. ; specific gravity, 3.0108. 













TESTS ON THE SONOROUSNESS OF JADE. 



BY PROFESSOR WILLIAM IIALLOCK. 

Owing to the high modulus of elasticity and the ex- 
treme compactness of jade it possesses the property of 
emitting a very clear tone when struck, and of maintain- 
ing the tone for a comparatively long time. The tones are 
of the pure quality, usually described as “ bell tones,” or 
“as clear as silver,” or as “silvery tones.” This is un- 
doubtedly due to the fact that the tones are often simple 
or “pure,” unaccompanied by any overtones; in other 
cases where the tone is complex the relation of the partial 
tones to each other is that of some of the principal har- 
monious chords, as for example the major third-fifth-chord 
(c e g), or the same diminished {c ejlat g\ etc. 

Owing to a lack of perfect symmetry in either thickness 
or quality of material, the jades, like bells in general, emit 
a tone that varies in intensity rhythmically, giving rise to 
what the physicist calls “beats,” and what is called 
“ tremolo ” in the organ and the voice, and “ throbbing ” in 
bells. If these are not too frequent, not more than eight 
or ten per second, they lend a peculiar charm to the tones, 
but when they become more rapid they produce a very 
disagreeable roughness, or discord, in the tone. 

Each of the bowls, plates, saucers, and similar articles 
might be made the subject of an elaborate acoustic investi- 
gation, but the score reproduced below will serve to give an 
idea of the range and peculiarities of the tones represented. 

In order to determine the rate of vibration, and possibly 
the components of the tones, recourse was had to the 
method of photographing a small gas flame which was 
controlled by the motions of the particular bowl or object 
under study. 

Gas on its way to a small pointed-flame burner is made 
to pass through a little box which is provided with a cover 
of very thin india rubber. This cover rests against the 
edge of the bowl, and thus the vibrations of the bowl are 
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transferred to the gas, and thereby to the little flame. The 
flame is photographed upon a plate that is moving side- 
ways, so that each jump of the flame falls upon a different 
part of the plate, and the resulting picture looks very 
much like the teeth of a saw. A similar arrangement 
resting against a standard electrically-driven tuning fork 
gives another series of teeth, from which the rate of motion 
of the plate is computed. 

The quality of the tone depends upon the character of 
the blow, and where it strikes the piece ; this is of course 
due to development of tones higher than the fundamental, 
either alone or along with the fundamental in varying 
relative intensities. In these experiments the bowls were 
struck with a soft wooden hammer, on their extreme edges, 
the blow being as staccato as possible, the bowl being so 
supported as not to interfere with its free vibration. 

The following table gives the rate of vibration of the 
fundamental tone, the combination of tones, if present, 
the number of beats per second, and the duration of the 
tone after a moderately strong blow. 



















THE CHEMICAL CONSTITUTION OF JADE. 



BY F. W. CLARKE. 

A study of the chemical constitution of jadeite and ne- 
phrite opens up a variety of interesting and curious ques- 
tions, some of which have a bearing upon problems lying 
beyond the limits of mineralogy. From Iddings’ observa- 
tions it seems probable that nephrite is sometimes derived 
from pyroxenes by a process of alteration. He describes, 
first, jadeites pure and simple ; then come jadeites contain- 
ing traces of amphibole, then with much ampliibole, then 
nehprites containing residual jadeite, then nephrites with 
the slightest possible remnants of jadeite, and finally ne- 
phrite alone. The series is continuous, and in it no sharp 
breaks appear. Now, as lias already been shown, the 
pyroxenes have higher specific gravity than the correspond- 
ing amphiboles. The change from one series to another 
therefore, as a consequence of diminished density, implies 
increase of volume ; and this, in the interior of a rock 
mass, involves the generation of pressure. In other words, 
the production of the amphibole from the pyroxene takes 
place under more than the normal pressure of the superin- 
cumbent rocks, and it is possible that this fact may 
account to some extent for the remarkable compactness 
and tenacity of the product. Another consequence is 
deducible from the phenomena — namely, that the molecu- 
lar weight of the pyroxene is greater than that of the 
amphibole ; the one molecule being probably a polymer of 
the latter. Greater density implies greater complexity of 
molecule, and the change from one to the other represents 
a breaking down of the more complex into the simpler. 
Ordinarily, but on quite superficial grounds, the amphibole 
molecules have been regarded as heavier than the mole- 
cules of pyroxene, but all the valid evidence indicates that 
the reverse proposition is true. To this subject I shall 
recur later. 
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Another class of problems is suggested by the impurities 
in jade, or rather by its mixture with other minerals. For 
example, No. 13193, a mask from Mexico, is shown by 
Penfield and Iddings to be a mixture of jadeite and albite. 
No such mixture has been observed among the Oriental 
jades, and it therefore becomes more than probable that 
the Mexican mineral is indigenous. To mineralogists this 
will seem to be a very simple and obvious matter ; but the 
fact that jadeite has not been reported as found at any 
Mexican locality in situ has led some anthropologists to 
assume that the American material was derived from an 
Asiatic source through some prehistoric channel of com- 
munication. A fuller study study of jadeite from Mexico 
and Central America might reveal still other differences, 
and so dispose of the anthropological speculation forever. 

Still another highly suggestive specimen is No. 13215, 
from Burma, a mixture of jadeite and analcite with a 
trace of diopside. Between jadeite, analcite, and the ferric 
equivalent of jadeite, acmite, there are relations of decidely 
important character. The empirical formulae of the three 
minerals are as follows : 

Acmite, Na Fe Si 2 0 6 

Jadeite, Na A1 Si 2 0 6 

Analcite, Na A1 Si 2 0 6 H 2 0 

That is, empirically analcite has the composition of jadeite 
plus one molecule of water. Fused jadeite has the proper- 
ties of fused analcite, and in Norway pseudomorphs of 
analcite after acmite have been observed by Brogger. A 
relationship between the species is evident ; but upon 
closer scrutiny it becomes more complex than it at first 
appears to be. Let us study the molecular volumes of the 
three minerals, the molecular volume being the quotient 



obtained upon 
specific gravity. 


dividing 


the molecular 


weight by the 


Molecular weight 


Specific gravity 


Molecular volume 


Acmite, 


231.8 


3.50 


66.2 


Jadeite, 


202.9 


3.30 


61.5 


Analcite, 


221.0 


2.25 


98.2 
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Here we find acmite and jadeite near together, while 
analcite gives a volume one-half greater. Between jadeite 
and analcite there is a difference in volume of 36.7 units, 
whereas the molecular volume of water alone, in the form 
of ice, is only 19.5. That is, a molecule of jadeite plus a 
molecule of ice would have a volume of only about 81.0 
units, as against the 98.2 found. In short, a change from 
jadeite to analcite, if such a change occurred, would 
involve a very perceptible increase in volume over the sum 
of the two component parts, and this indicates that the 
simple molecular weights which we have taken are really 
submultiples of the true values. The jadeite and acmite 
molecules are polymers of the anhydrous analcite mole- 
cule, and the alteration of one mineral into the other, as in 
the change from pyroxene to amphibole, means a breaking 
down from a higher molecular weight into a lower, and the 
same breaking down occurs when jadeite is fused. Jadeite 
itself is hardly, if at all, attacked by aqueous hydro- 
chloric acid ; but after fusion that reagent decomposes it 
readily. Analcite, whether natural or fused, is also easily 
decomposed by hydrochloric acid ; and Lemberg has 
shown that the two minerals after fusion have become 
identical. This conclusion, together with that derived 
from a comparative study of the pyroxenes and ampliib- 
oles, bears directly upon the investigation of their chemical 
structure. 

Now, leaving out of account all pseudo-jades, such as 
pectolite, fibrolite, or saussurite, and also neglecting all 
mixtures of minerals other than pyroxenes or amphiboles 
with jadeite or nephrite, let us consider the chemical 
formulae of both species. 

The simplest empirical formulae are as follows : 

Pyroxenes : Jadeite, Na A1 Si 2 0 6 

: Acmite, Na Fe Si 2 0 6 

: Diopside, Ca Mg Si 2 O c 

Acmite and diopside are both identified by Penfield as 
isomorphously commingled with the normal jadeite. 




128 



JADE AS A MINERAL. 



Amphiboles : 



Tremolite, 

Actinolite, 

Glaucophane, 

Riebeckite, 



Ca Mg 3 Si 2 0 6 
Ca (Mg Fe) 3 Si 2 0 6 
Na A1 (Fe Mg) Si 3 0 9 
Na 2 Fe , " J Fe ,/ Si 5 0 15 



Normal nephrite approximates to tremolite or actinolite ; 
but the glaucophane and riebeckite both appear in Pen- 
field’s discussion of certain analyses. 

In all of the foregoing molecules the ratio of silicon to 
oxygen is 1 : 3, the ratio of a metasilicate. But a full 
discussion of the jadeite analyses shows that this ratio is 
sometimes exceeded and to an extent which cannot be 
accounted for by the natural errors of experiment. This 
excess probably indicates the presence of a molecule 
represented by the generalized formula Al 2 Mg Si 0 6 ; a 
compound which is not known in the free state, but which 
is well recognized in all the best theoretical interpretations 
of the amphiboles and pyroxenes. In jade it is small in 
amount, and for most purposes it may be neglected ; but 
in augite, one of the most important pyroxenes, its pres- 
ence seems to be very evident. In this connection it is 
mentioned simply as one link in a chain of evidence as to 
the nature of the substances under consideration. 

It has already been shown that the pyroxene molecules 
are more condensed than those of the amphibole group ; 
and this may be more clearly brought out by a further 
study of the molecular volumes. Taking the empirical 
formulse as indicating for each mineral the minimum possi- 
ble molecular weight, let us make the comparison here 
suggested. 





Mol. Wt. 


Sp. Gr. 


Mol. Yol. 


Mean Volume 


Jadeite, 


202.9 


3.30 


61.5 


61.5 


Acinite, 


231.8 


3.50 


66.2 


66.2 


Diopside, 


217.1 


3.20 


67.8 


67.8 



The three pyroxenes run pretty well together ; part of 
the difference being due to the fact that the ideally pure 
molecules were not used for the specific gravity determina- 
tions. Now let us pass on to the amphiboles. 
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Mol. Wt. 


Sp. Gr. 


Mol. Yol. 


Mean Volume 


Tremolite, 


418.5 


2.94 


142.4 


71.2 


Glaucopliane,* 


314.2 


3.10 


101.4 


67.6 


Riebeckite, 


596.0 


3.40 


175.3 


70.1 



The last column gives the volume proportional to 
Si 2 0 6 ; a factor which occurs once in the pyroxenes, twice 
in tremolite, one and a half times in glaucopliane, and two 
and a half times in tlie empirical riebeckite formula. This 
column reduces all the minerals to a common denominator, 
and renders a comparison possible. From it we see that 
the pyroxenes and amphiboles are near each other in molec- 
ular volume, but that the amphiboles tend to run per- 
ceptibly higher. In other words, the amphibole molecules 
are less condensed, and therefore occupy more volume, 
than the molecules of pyroxene. Or, to state the result in 
still another form, the pyroxenes, atom for atom, represent 
the larger weight of matter in the unit volume of space. 
The true molecular weights are multiples of the empirical 
values, and those of the pyroxenes are the greater. 

This view as to the molecular magnitudes under con- 
sideration is diametrically opposed to the most commonly 
accepted opinions. The latter take the simplest empirical 
formulae alone, and as many amphiboles are representable 
only by relatively high expressions, these are regarded as 
indicating greater molecular weights. The supposed 
simplicity of the pyroxenes, however, is apparent rather 
than real, and disappears when all of the evidence is 
considered in all of its bearings. A mineral cannot be 
properly studied by itself alone ; it must be interpreted 
with relation to other species ; from some of which it may 
be derived, or into which it may alter. These relations 
must be expressed in its formula before the latter can be 
regarded as fully established. An empirical formula 
represents composition only ; a structural formula takes 
into account molecular weight and relationship to other 
compounds also. The one is simple, the other may be 
complex; but that is best which best fulfils its purpose 



* Computed with Mg : Fe : : 2 : 1. 
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and symbolizes the largest number of facts. Among the 
various formulae which have been proposed for pyroxenes 
and amphiboles, what system best satisfies all the condi- 
tions % That is the problem now to be considered. 

According to the current and more commonly accepted 
opinions, both groups of minerals are salts [of metasilicic 
acid, and the simple empirical formulae are merely re-stated 
in structural form. On this basis diopside becomes 

,0 Ca C). 

0=Si< >Si = 0 

X) Mg 0 / 

and the molecule Al 2 Mg Si 0 6 is written 



0=Si/ 



/° 


— Mg O x 




/° 


\o 


A\ - 0 / 



These expressions indicate a simple relationship in form, 
and by comminglings of the two types a large number of 
pyroxenes are expressible. On a similar plan jadeite may 
be given the structure 



,0 Na. O v 

/ / \ 

0=Si< / / \si=0 

\ / / 

\o A1 0 / 



and here again the superficial resemblance is apparent. 
For convenience these formulse can be put in more con- 
densed form, the metasilicate group 
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being written Si 0„ and then the expressions become 



/ Ca x /Mg v 

Si °»\„ / Si0 ^ Si °,< 

X Mg/ \A1 ^ 



and 



si °-O si °- 



a plan which is easier for the eye and which avoids repeti- 
tion of symbols. 

On similar lines tremolite may be written also as a meta- 
silicate 



Si 0 3 Mg Si O 

I I 

Mg Mg 

SiC) Ca SiO 



or as a salt of the more complex acid H s Si 4 0 12 . In the 
latter case its structures is indicated thus : 



/0 N 

X CK 




Mg/ >Si 



y O s 



-O Si/ \Ma 

'<K 



o 



o 



,Os 



Ms 



;Si O- 



<y 



/°\ 

Si< >Ca 

XK 



the eight hydrogen atoms of the acid being replaced by the 
four bivalent atoms of magnesium and calcium. These 
expressions for tremolite are well enough so far as they go ; 
but the other amphiboles, such asglaucopliane andriebeck- 
ite, are difficult to adjust with them. Partial evidence 
may well be easier to interpret than complete evidence. 

Going beyond the empirical formulae as a basis for study, 
a clue to the condition of jadeite is found in the properties 
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of another pyroxene, the mineral spodumene. This 
species, with jadeite and acmite, forms a well defined series 
of compounds, whose empirical formulae are as follows : 

Spodumene, Li A1 Si 2 0 6 
Jadeite, ]S r a A1 Si 2 0 6 

Acmite, Na Fe Si 2 0 6 

Spodumene, then, resembles jadeite, except that it con- 
tains lithium instead of sodium. In form and density the 
species are closely allied, and the evidence obtained by the 
study of one probably applies to all three. The molecular 
magnitudes should be strictly similar. 

It so happens that the alteration products of spodumene 
have been very thoroughly studied ; and their investiga- 
tion has shed much light upon the character of the mineral. 
It takes up soda quite easily, probably from percolating 
waters, and becomes transformed into a mixture of albife 
and eucryptite, which may be compared with the original 
spodumene thus : 

Spodumene, Sp. Gr. 3.15 Li A1 Si 2 0 8 
Eucryptite, 44 44 2.67 Li A1 Si 0 4 
Albite, “ 44 2.62 Na A1 Si 3 0 8 

Both eucryptite and albite are much lower in density 
than spodumene, and their molecular complexity should 
therefore, in all probability, be less. In order to effect 
this change, the molecular weight must be at least double 
that indicated by the empirical formula, and then it 
become Li 2 Al 2 Si 4 0 12 or possibly greater. This expression 
is a minimum. Eucryptite in turn alters into muscovite 
mica, of which the simplest formula is Al 3 KH, Si 3 0 12 , and 
to satisfy this condition the eucryptite formula must be 
trebled. This consideration, taken in connection with the 
albite and the spodumene goes to show that the latter 
mineral must be given a formula six times greater than the 
original expression, and so it becomes Li 6 Al 6 Si 12 0 36 . The 
formulae for jadeite and acmite must be treated in the same 
way, and the final result for jadeite is 

Na, Al. Si„0 16 . 





Does this represent a metasilicate, or is the metasilicate 
ratio Si : 0 3 only apparent? Just as spodumene alters 
into albite and eucryptite, so jadeite should alter into 
albite and nepheline (Na A1 Si0 4 ) 3 ; and the splitting up 
would be according to the equation 

Na 6 Al. Si 12 0 36 = Na 3 Al 3 Si 9 0 24 + Na Al 3 Si 3 0 12 . 

Jadeite Albite Neplieline 

Albite is a derivative of trisilicic acid, H 4 Si 3 O e ; and 
nepholine is a salt of orthosilicic acid, IJ 4 Si0 4 . When 
ortho- and tri-silicates are commingled, ratios like those of 
the metasilicates are produced ; for H 4 Si0 4 + H 4 Si 3 0 8 = 
H 8 Si 4 0 13 , and the latter as a mixture would exactly repre- 
sent four molecules of metasilicic acid, H 2 Si0 3 . Such 
mixtures are common among minerals, especially in the 
feldspar, scapolite, and mica groups ; and the possibility 
of a similar occurrence must be considered here. The 
radicles Si0 4 and Si 3 0 8 seem to be equivalent to each other ; 
and on this supposition the formula Na 6 Al 6 Si 12 0 36 may be 
written structurally, 



Na„ 



Na 



Si 3 0 8 -Al=Si O 

Al = Si,O fl - Al< >A1— Si 0 A = Al 



\, 



Si 3 0 8 = Al — Si 0 4 



Na 



Na 



Such a molecule as this could split directly into the two 
molecules Al 3 Na 3 (Si 3 0 8 ) 3 , (albite), and Al 3 Na 3 (Si0 4 ) 3 , 
(nepheline) ; and it seems to satisfy all of the conditions 
imposed by the different phases of the problem. 

The unification of the other pyroxene formulae with this 
new formula for jadeite now becomes a very simple matter. 
Diopside, Mg Ca Si 2 0 6 , becomes Mg 4 Ca 4 Si 8 0 24 ; and the 
hypothetical compound Al 2 Mg Si0 6 is also quadrupled. 
In diopside a mixed ortho- and tri-silicate is assumed ; and 
in the other compounds we have a basic ortho-silicate con- 
taining the well recognized univalent radicle Al O. Two 









134 



JADE AS A MINERAL. 



A1 O groups are structurally equivalent to one atom of 
calcium or magnesium. We thus have, for diopside 



Mg< 



Ca 

II 

'Si 3 0 9 

s Si s 0 8 

II 

Ca 



-Mg- 



-Mg- 



Ca 
II 

-Si 0 4 . 

-Si o/ 
II 

Mg 



Ca: 



and for the other molecule, the sti'ucture 



Mg: 



(A1 O), 
II 

/Si O - 



\si o. 



-Mg- 

■Me- 



(A1 O) 
II 

-Si O 



4 Nm £ 



-Si O. 



(A1 O), 



(A1 O), 



All of tlie other pyroxenes are capable of similar interpre- 
tations ; and thus the entire group is reduced to one 
general type of constitution. No other mode of interpre- 
tation hitherto proposed is equally general. 

For the amphiboles, a similar treatment is possible ; and 
they too can be regarded as mixed ortho- and tri-silicates ; 
the apparent metasilicate ratios being apparent only. 
Nephrite, it will be remembered, approximates to tremolite 
and actinolite, but its molecule is less complex than that of 
jadeite, and is formed by a lower degree of condensation. 
In the amphiboles we also find admixtures of a compound 
Al 2 Mg Si0 6 , which is not known by itself ; and this, as in 
the case of the pyroxene is covered by the following 
scheme : 



Mg 


(A1 0), 


(Al 0), 


II 


II 


II 


/Si °*\ 

< >Mg 

X Si,0/ 


/Si° 

Mg( >Mg 

x SiO/ 


/Si s O 

Mg< >Mg 

X Si s O/ 


II 


II 


II 


Ca 


(A1 0), 


Na 2 


Tremolite, 


(Mg Al, Si 0 6 ) 2 


Glaucopliane 




Riebeckite and crocidolite are possibly the equivalents of 
glaucophane, with ferric iron replacing aluminium, and 
ferrous iron in place of magnesium. But their analyses 
vary too widely to admit of any final conclusion upon this 
point. The empirical formula used for riebeckite in the 
preceding pages is merely the formula which is commonly 
assumed ; but which does not fit the analytical data at all 
closely. 

To sum up: the formulae here developed represent the 
known relations between the pyroxene and the amphiboles 
in general, and between jadeite and nephrite in particular. 
They cover the evidence so far as evidence exists ; but they 
may not be final. A formula is merely a symbol for 
expressing facts ; and new facts may compel the abandon- 
ment of one symbol for another of broader scope. Written 
in structural form they bring evidence more clearly before 
the eye, and they suggest investigations through which 
more truth may become attainable. That function, the 
function of suggestiveness, is one of their chief values. 

THE CHEMICAL ANALYSES. 



For the purposes of the investigation begun by 



Mr. 

Bishop some three score chemical analyses were made 
from typical specimens in his Collection. This analytic 
work was carried out by Mr. Percy T. Walden, and later 
by Dr. Harry W. Foote, both of the Sheffield Scientific 
School at Yale University, under the direct supervision of 
Mr. S. L. Penfield, Professor of Mineralogy at Yale. Of 
the total number of analyses several were merely qualita- 
tive, and others quantitative for the alkali metals only, 
and these are not here recorded. The others are given 
below in tabular form, and are considered in detail, with 
descriptions of the several specimens, and reductions and 
notes by Clarke and Penfield. The jadeites, in the order of 
their purity come first ; the nephrites similarly arranged 
come next, and lastly, those specimens, only two in 
number, which, though not strictly jade, are so closely con- 
nected with it that they are allowed to stand. 
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The method of analysis used was that almost universally 
adopted for silicate analyses of this character. 

Water was determined by igniting about one gramme of 
the air-dry material over a blast-lamp. The residue from 
the water determination was fused with sodium carbonate, 
extracted with water, acidified with hydrochloric acid, 
evaporated to dryness, and the silica filtered off. The 
filtrate was again evaporated to remove the last trace of 
silica, which was added to the first, and the whole ignited 
to constant weight, and silica determined by loss on 
evaporation with hydrofluoric acid. 

Iron and alumina were precipitated in the filtrate from 
the silica, and the precipitate was dissolved in nitric acid, 
reprecipitated to ensure purity, and ignited to constant 
weight over a blast-lamp. The residue of Fe 2 0 3 and 
A1 2 0 3 was dissolved by means of a potassium bisulphate 
fusion, the fusion being soaked out in water containing 
sulphuric acid. If a trace of silica were found at this point, 
it was added to the silica previously obtained. The total 
iron was then found by reducing the hot sulphate solution 
with hydrogen sulphide and titrating with potassium per- 
manganate. 

The two filtrates from the iron and alumina precipitation 
were concentrated and calcium was precipitated as oxalate. 
When more than a very few per cent, was present it was 
dissolved and reprecipitated, being weighed as oxide. 

In the filtrate, magnesia was precipitated as ammonium 
magnesium phosphate, and the first precipitate was always 
dissolved and reprecipitated to ensure purity. It was 
weighed as Mg 2 P 2 0 7 . 

Ferrous iron was determined by titration with potassium 
permanganate, after solution of the mineral in hydro- 
fluoric acid in an atmosphere of Co 2 . 

Alkalis were determined by a Smith fusion with calcium 
carbonate and ammonium chloride, being separated from 
each other by platinum solution. 
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JADE AS 



THE SPECIMENS ANALYZED. 



Silica, 

Alumina, 

Magnesia, 

Lime, 

Soda, 

Potash, 

Water, 



99.82 



Jadeite, 


97.27 


Ra" R" (Si0 3 )i 


, .55 




97.82 


Alumina 


1.111 


Magnesia, 


.13} 


Lime, 


.51 


Water, 


.25 j 




99.82 




13206B. Fragment of an ornamental medallion from China. 
Specific gravity 3.3303; hardness, 7; translucent 
Burmese jadeite, with remarkably perfect crystalline 
structure. Color, “ Melting snow.” 

Micro structure : This is the coarsest-grained variety 
examined by Iddings. It is an aggregate of colorless 
crystals that can be seen without the aid of a lens, 
the largest being 3 mm. long. The size of the crystals 
varies greatly, from that just mentioned to micro- 
scopic dimensions, all mingled without definite 
arrangement or any suggestion of a porphyritic 
structure. The substance of the jadeite is very pure 
and free from inclusions in most crystals. A few 
show specks that seem to be incipient decomposition. 
These are not twinned. 

The analysis, with reduction by Clarke, is as 
follows : 

Jadeite 



R" (Si0 3 ) 



57.26 

24.50 



13.31 

2.20 



unaccounted for, 



13323. Fragment of raw jade from Tibet. Specific gravity, 
3.3359 ; hardness 7. ; of translucent, homogeneous and 



i 

I 
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compact material with a decided granular crystalline 
structure. Color , lavender, with opaque white snow- 
like patches. 

Microstructure : Almost pure jadeite, almost color- 
less in thin section, with a whitish tinge. It is tra- 
versed by numerous irregular cracks as though the 
rock had been subjected to crushing. There are minute 
colorless veins crossing the section independent of the 
cracks. They are made up of larger crystals of the 
same mineral as the mass. The whole is an aggrega- 
tion of irregularly-shaped crystals of jadeite, the 
majority of which are very minute and do not exhibit 
crystallographic outlines. Scattered through it are 
microscopically small opaque specks, usually with 
irregular outline, whose exact character cannot be 
determined. They are probably magnetite. There 
are also small crystals of a colorless mineral with 
index of refraction slightly higher than that of the 
surrounding jadeite, and having a double refraction 
about half as great as that of jadeite. It appears to 
be either a tetragonal or orthorhombic mineral hav- 
ing the axis of greatest elasticity parallel to the 
length of the prism. It is so filled with inclusions of 
jadeite that good interference figures could not be 
obtained, and hence its uniaxial or biaxial character 
could not be determined. It is therefore not possible 
to state its mineral character. The most probable 
assumption is that it is andalusite. The quantity is 
not large, so that its presence does not materially 
affect the character of the rock. 

The analysis, with reduction by Clarke, is as follows r 







Jadeite 


R/ 2 R" (Si0 3 )i 


Silica, 


58.80 


56.85 


1.95 


Alumina, 


25.37 


24.16 


.83 


Ferric oxide, 


.33 






Magnesia, 


.25 




.25 


Lime, 


.58 




.11 


Soda, 


14.65 


14.65 




Potash, 


.05 


.05 




Water, 


.14 








100.17 


95.71 


3.14 
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Jadeite, 95.71 

R"' a R" (Si0 8 )4, 3.14 

98.85 

Alumina, .38] 

Ferric oxide, .33 ! . , , 

’ unaccounted for. 

Lime, .47 [ 

Water, .14 J 

100.17 

13243. Fragment of jadeite pendant from China. Specific 
gravity 3.3287 ; hardness, 7 ; wholly jadeite, evidently 
from Burma, with no other mineral. The crystals 
are all quite small, grading from 0.8 mm. to micro- 
scopic. There is a slight central clouding in some 
crystals and a small amount of crushing. Color , 
white with emerald-green in part. 

The analysis, with reduction by Clarke, is as 



follows : 




Jadeite 


R'" 2 R" (Si0 8 ). 


Silica, 


58.69 


54.59 


3.06 


Alumina, 


25.56 


23.20 


1.30 


Magnesia. 


.11 




.11 


Lime, 


.58 




.58 


Soda, 


13.09 


13.09 




Potash, 


1.54 


1.54 




Water, 


.17 








99.74 


92.42 


5.05 


Jadeite, 


92.42 






R'" 2 R" (Si0 3 ) 4 , 5.05 








97.47 






Excess silica, 


1.041 






“ alumina, 1.06 y 


unaccounted for. 




“ water, 


.17J 







99.74 



3127. Vase in the form of blossoming plum-tree trunk, 
China. Specific gravity, 3.3316; hardness, 7; of 
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translucent, homogeneous, and compact material, 
remarkable for its color. Color , various shades of 
blue, with brown (almost amber-colored) staining in 
parts. 

Micro structure : an aggregate of lath-shaped jadeite 
crystals with jagged outline and somewhat parallel 
arrangement. In places they are very minute and 
carry longer crystals of jadeite with no optical dis- 
tinction ; or, in other words, they give no evidence of 
having been strained. Part of the rock, however, 
shows signs of having been crushed and dragged. 
There is a little colorless mineral supposed to be 
albite. 

The analysis, with reduction by Clarke, is as 
follows : 



13336. * Fragment of boulder from Burma. Specific 
gravity, 3.3122; hardness, 7; homogeneous and 
compact. Color , greenish blue-white, with dark 
green veinings. 



Silica, 

Alumina, 



58.93 

25.39 



Jadeite 

54.10 

22.99 



R'" 2 R" (Si0 3 ) 4 



4.83 

2.05 



Titanic oxide, .15 

Manganous oxide, trace 
Ferric oxide, trace 

Ferrous oxide, trace 



Magnesia, 



.29 

.72 

12.90 

1.63 

.23 



.29 

.72 



Lime, 

Soda, 

Potash, 

Water, 



12.90 

1.63 



100.24 



91.62 



7.89 



Normal jadeite. 
Pseudo- “ 



91.62 

7.89 



99.51 



Excess alumina, 
‘ ‘ water, 




100.24 
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Micro structure : a comparatively coarse-grained 
aggregation of jadeite crystals, the larger of which are 
0.6 mm. in diameter. The rock is colorless in thin 
section, with small spots of clouded material. It is 
almost wholly jadeite, the clouded matter being inde- 
terminable and presumably the beginnings of decom- 
position. The grains or anhedrons of jadeite are 
irregular and of various sizes. In some cases the 
prismatic cleavage is distinct. Areas that appear as 
one crystal often prove to be compounded of many 
individuals when seen between crossed nicols. The 
variations in grain and the curving of some cleavage 
lines, the mottling of the larger crystals when viewed 
between crossed nicols indicating strains and the first 
stages of granulation, together with the streaked 
arrangement of the smaller anhedrons, prove that the 
rock had been subjected to forces that crushed it to 
some extent. In places there are patches of a color- 
less mineral with lower index of refraction than that 
of jadeite, and with the double refraction and poly- 
synthetic twinning of plagioclase feldspar. It acts as 
a matrix in which small prisms of jadeite lie at all 
positions, and against which the jadeite is automor- 
phic. It exhibits no signs of alteration, whether of 
decomposition or of crushing. These facts point to 
its being of later origin than the dynamic metamorph- 
ism of the rock. But the areas of feldspar are so 
small that the evidence is not conclusive, and they 
may possibly have been formed when the jadeite 
crystallized. They certainly formed after the adjacent 
and enclosed jadeite crystallized. The chemical 
analysis given below shows that the mass is slightly 
higher in silica than if it consisted wholly of 
pyroxene. And a calculation of the possible mineral 
constituents based on a knowledge of the presence of 
feldspar shows that the material analyzed probably 
consisted of 

Jadeite, 86.15 per cent, by weight. 

Diopside, 



R ", R SiO G 

Albite, 

Anorthite, 



6.17 

2.05 

4.89 

.56 

99.82 
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The feldspar would have the composition Ab 9 An,, that 
is, oligoclase-albite. 

The analysis by Foote, with reduction by Clarke, is as 
follows : 







Jadeite 


R"'a Ca Si0 6 


Nephrite 


Silica, 


58.58 


53.42 


.79 


4.24 


Alumina, 


23.71 


22.70 


1.01 




Ferric oxide, 


.51 




.51 




Ferrous ‘ ‘ 


.24 






.24 


Magnesia, 


1.35 






1.35 


Lime, 


1.67 




.73 


.94 


Soda, 


13.80 


13.80 






Water, 


.30 






.30 




100.16 


89.92 


3.04 


7.07 


Jadeite, 


89.92 








R a Ca Si0 6 , 3.04 








Nephrite, 


7.07 


Or is it 


a pyroxene near 


Excess silica, .13 


diopside ? 






100.16 









13102C. Slab of crude jade from Upper Burma. Specific 
gravity, 3.2578 ; hardness, 7; of subtranslucent 
material, coarsely granular in structure, with 
apparent radiated reflections from 1 to 4 mm. in 
diameter, an admirable example of unaltered origi- 
nal pyroxene mineral. Color, lavender, clouded 
with bright lettuce-green and dead black. 

Three analyses by Walden , with reduction by Pen- 
field of the analysis of the mixture, are as follows : 





Lavender 


Green 


Mixture 


Silicia, 


57.79 


57.49 


57.45 


Alumina, 


21.40 


21.56 


21.94 


Ferric oxide, 


.80 


1.05 


.91 


Ferrous oxide, 








Manganous oxide, 


trace 


trace 


trace 


Magnesia, 


4.72 


4.79 


3.96 


Lime, 


3.06 


2.90 


3.10 


Soda, 


12.36 


11.98 


12.13 


Potash, 








Water, 


.76 


.45 


.79 







njn«Mrj 
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Diopside 


Jadeite 


Jadeite Cal. 


Jadeite 


Ca Mg (Si0 3 )2 


Na A1 (Si0 3 ) 2 


to 100 % 


Theory 


Silica, 


7.80 


49.65 


57.88 


59.40 


Alumina, 




21.94 


26.24 


25.25 


Ferric oxide, 




.91 






Magnesia, 


3.00 


.96 






Lime, 

Soda, 

Potash, 

Loss on ignition, 


3.10 


12.13 


15.88 


15.35 




13.90 


85.59 


100.00 


100.00 



13255. Plate , from China. Specific gravity, 3.3373 ; hard- 
ness, 7; of translucent, very compact, and homo- 
geneous material in which by the aid of a pocket 
lens the crystals can be clearly seen ; remarkably 
perfect and sharply resonant. Color , whitish, with 
green patches. 

Micro structure : wholly jadeite without other 
mineral, vyith a slight central clouding in some 
crystals, and a small amount of crushing. The 
crystals are all quite small. 

The analysis, with reduction by Clarke, is as 
follows : 







Jadeite 


R'" 2 R" (Si0 8 )< 


Silica, 


58.40 


49.63 


6.21 


Alumina, 


27.05 


21.09 


2.64 


Magnesia, 


.57 




.57 


Lime, 


.65 




.65 


Soda, 


11.37 


11.37 




Potash, 


2.20 


2.20 




Water, 


.18 








100.42 


84.29 


10.07 



Normal jadeite, 


84.29 


Pseudo- “ 


10.07 




94.36 


Excess alumina, 


3.32] 


silica, 


2.56 y 


‘ water, 


•18 J 




100.42 



unaccounted for. 
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3248. Bowl , from China. Specific gravity, 3.3394 ; hard- 
ness, 7 ; of translucent, homogeneous, coarsely 
crystalline material. Color , sea-green, with opaque 
frosted aspect. 

Microstructure : Many large crystals of jadeite 
up to 3 mm. in diameter, undulatory extinction is 
pronounced, and the rock has evidently been sub- 
jected to great strains. Many of the jadeite aggre- 
gates are arranged in optical fields often resembling 
sections of mica. Fine fragments and fibres of 
jadeite occur in veins and act as a cement. 

The analysis, with reduction by Clarke, is as 



follows : 












Jadeite 


R"' 2 R" (Si0 3 ) 4 


Silica, 


58.48 


47.85 


10.12 


Alumina, 


23.57 


20.34 


3.23 


Ferric oxide, 


1.68 




1.68 


Magnesia, 


1.33 




.53 


Lime, 


1.62 




1.62 


Soda, 


10.33 


10.33 




Potash, 


3.09 


3.09 




Water, 


.16 








100.26 


81.61 


17.18 


Jadeite, 


81.61 






R"' 2 R" (SiOaV 


, 17.18 








98.79 






Magnesia, 


.801 






Silica, 


.51 i 


unaccounted for. 


Water, 


,16j 








100.26 







K is regarded as replacing Na in jadeite. The other molecule is a jadeite- 
acmite with lime and magnesia in place of alkalies. Penfield includes it with 
the jadeite, as is proper. 



13195. Small saucer-shaped dish , from China. Specific 
gravity, 3.3381 ; hardness, 7 ; of translucent, homo- 
geneous, and compact material. Color, white, 
blended with emerald-green. 

Microstructure : an aggregate of jadeite crystals 
all of which are quite small, grading to microscopic, 
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the longest being about 0.8 mm. The lamination is 
due to the nearly parallel arrangement of some 
prisms, and to the alternation of layers of coarser 
and finer grains. The rock is very fresh and pure 
without other constituent minerals, and there is 
little or no sign of decomposition or alteration by 
dynamic forces. 

The analysis, with reduction by Clarke, is as 



follows : 












Jadeite 


R/" 2 R" (SiO: 


Silica, 


59.02 


46.80 


12.22 


Alumina,- 


24.88 


19.89 


4.99 


Ferric oxide, 


1.23 




.33 


Ferrous oxide, 


.28 




.02 


Manganous oxide, 


.19 




.19 


Magnesia, 


1.10 




1.10 


Lime, 


1.15 




1.15 


Soda, 


11.21 


11.21 




Potash, 


1.34 


1.34 




Water, 


.07 








100.47 


79.24 


20.00 


Normal jadeite, 


79.24 




Pseudo- 4 


‘ 


20.00 








99.24 




Ferric oxide, 


.901 




Ferrous ‘ ‘ 




.26 [ unaccounted for. 


Water, 




.07 j 





100.47 

13242. Celt , from Mexico. Specific gravity, 3.3034 ; hard- 
ness, 7; typical chloromelanite, showing on cut 
edges a very compact crystalline structure with 
occasional white markings and veinings which are 
also visible on the weathered surface. At the lower 
end there is a cavity 17 mm. long by 6 in width, and 
more than a dozen smaller ones in various parts, 
filled with a hard, compact white substance which 
effervesces readily on the application of hydro- 
chloric acid, proving it to be calcite which deposited 
after the object had been lost or buried in some 
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limestone strata, or a limestone cave. Color , black 
with a greenish tint. 

Microstructure: an aggregate of small jadeite 
crystals with a few larger ones of irregular shape, 
parts of some of them being pale-green. The mass 
is streaked with greenish dark-colored specks which 
appear under the microscope as opaque particles 
crowded together in the larger jadeite crystals as 
products of alteration. There are also rather numer- 
ous patches of a colorless undeterminable mineral, 
and small somewhat lenticular bluish-green crystals 
which suggest glaucophane. 

The analysis, with reduction by Penfield, is as 



follows : 




6 


s O 


2 O 




S >» 






CD —>• 

c. » 
o 


£ 55 

« a? 


If 


I 2 


’33 © 
rs <o 

cS A 






fcfl 

A S 


< En 
cS 


C3 


<a 


r< 






sj 


6 




O 








O 










Silica, 


56.69 


4.98 


6.72 


44.99 


57 85 


59.40 


Alumina, 


20.46 






20.46 


26.31 


25.25 


Ferric oxide, 


4.49 




4.49 








Ferrous oxide, 


.75 


.75 










Magnesia, 


1.64 


1.28 




.36 






Lime, 


3.28 


2.29 




.99 






Soda, 


11.65 




1.74 


9.91 


15.84 


15.35 


Potash, 


1.15 






1.15 






Loss on ignition, 


.48 














100.59 


9.30 


12.95 


77.86 


100.00 


100.00 



13249. Hatchet from the lake-dwellings of Neufchatel, 
Switzerland. Specific gravity, 3.3745 ; hardness, 7; 
opaque, very compact in texture, with a weathered 
spot at the upper end. Color , dark green, almost 
black. 

Micro structure : very small irregularly shaped 
crystals or grains of colorless jadeite and also pale 
green amphibole, with a crudely parallel orienta- 
tion, producing a lamination or fibration of the 
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mass. This is further emphasized by streaks of 
minute grains of an almost colorless mineral with 
high index of refraction, and with the character- 
istics of zircon. There is also a little iron oxide, 
probably magnetite in irregularly shaped grains. 

The analysis, with reduction by Clarke, is as 



follows : 







Jadeite 


Fe'" 2 Ca Si0 6 


Magnetite 


Nephrite 


Silica, 


56.08 


44.95 


1.04 




8 91 


Alumina, 


19.05 


19.05 








Ferric oxide, 


3.76 




2.82 


.94 




Ferrous oxide, 


2.26 






.42 


1.84 


Magnesia, 


2.08 








2.08 


Lime, 


4.94 




.96 




3.98 


Soda, 


11.61 


11.61 








Potash, 


.26 










Water, 


.18 












100.22 


75.61 


4.82 


1.36 


16.81 




Jadeite, 


75.61 










Fe'" 2 Ca Si0 6 , 


4.82 










Magnetite ? 


1.36 ? 










Nephrite, 


16.81 









98.60 



Silica, 


1.181 


Potash, 


.26 y unaccounted for. 


Water, 


.18j 



100.22 



13215. Fragment of boulder from Burma. Specific gravity, 
3.2176 ; hardness, 7. ; of coarsely granular structure. 
On broken surfaces the outlines of many of the 
pyroxene crystals are clearly visible. On cut sur- 
faces the reflections resemble the frosted appearance 
of galvanized iron. Color , white, with bluish- 

green. 

Microstructure : an aggregation of irregularly 
shaped crystals of nearly colorless jadeite, with 
many cracks which follow the outlines of the crys- 
tals, the prismatic cleavage, and a transverse part- 
ing, probably basal. In places the pyroxene crys- 
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tals become long prisms and lie at all angles, some- 
times grouped in fan-like aggregation-bundles. In 
several places they lie embedded in a colorless 
mineral which acts as a matrix for the pyroxene 
crystals. In these they have sharply defined crys- 
tal forms. This colorless matrix appears to consist 
of relatively large individuals, not an aggregate of 
small ones. It has a low index of refraction, mid 
very low double refraction and shows some poly- 
synthetic lamellse. Its exact nature is not deter- 
minable by optical means alone. It is possibly 
analcite. The analysis, with reduction by Penfield, 
is as follows : 







S O 
o 

^ cj 

O 


o n 

fcq 

S+ 

•Sg 

< 

08 


So 

33 


Jadeite 
Cal. to 100 % 


Jadeite 

Theory 


Silica, 


58.41 


1.50 


15.84 


41.07 


58.37 


59.40 


Alumina, 


24.64 




6.73 


17.91 


26.05 


25.25 


Ferric oxide, 


.67 






.67 






Magnesia, 


1.24 


.52 




.72 






Lime, 


1.43 


.67 




.76 






Soda, 


12.76 




4.09 


8 67 


15.58 


15.35 


Potash, 


.58 






.58 






Loss on Ignition, 


1.19 




1.19 










100.92 


2.69 


27.85 


70.38 


100.00 


100.00 



13267. Fragment of boulder from Burma. Specific 
gravity, 3.1223 ; hardness, 7. ; of subtranslucent 
material, with a crystalline, interwoven structure 
of interlacing patches of an intense emerald-green 
and an almost white mineral. Color , lettuce-green. 

Microstructure: The prisms are acicular and 
fibrous. There is more of an approach to streaked 
or parallel fibrous structure, though the needles 
cross one another at various angles. The amphib- 
ole has a pale green color in thin section, the 
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crystals being pleocliroic, yellowish -green parallel 
to the prism axis and bluish-green at nearly right 
angles. It is a mixture of jadeite and amphibole 
in the proportion of three to two, and consists of 
very minute fibres with a preponderating parallel 
arrangement, producing a more or less pronounced 
libration or lamination in the rock. 

The analysis by Foote, with reduction by Clarke, 
gave the following results : 



Jadeite Acmite Amphibole Reduced Calculated 



Silica, 


57.36 


33.16 


2.05 


22.15 


58.74 


58.39 


Alumina, 


14.01 


14.01 










Ferric oxide, 


1.37 




1.37 








Ferrous “ 


.79 






.791 






Magnesia, 


11.07 






11.07 [ 


34.13 


34.07 


Lime, 


1.91 






1.91 j 






Soda, 

Potash, 


11.32 

.53 


8.51 


.57 


2.24 ) 
.53 \ 


6.86 


7.54 


Water, 


1.55 






.10 


.27 






99.91 


55.68 


3.99 


38.79 


100.00 


100.00 



Amphibole, 38.79 

Jadeite, 55.68 

Acmite, 3.99 

Excess water, 1.45 

99.91 

The amphibole is unusual. In the reduced column Fe and Ca are reduced 
to terms of Mg, and K to Na, then all to 100 per cent. The calculated 
column is computed for Na 2 Mg 7 (Si0 3 )8 
This amphibole may be new. 

13193. Mask, from Mexico. Specific gravity, 2.8320 ; 
hardness, 7.; subtranslucent, fairly compact granu- 
lar material. 

Color, light emerald-green and gray, with seams 
of gray-brown, and light green on the back. 

Micro structure : irregularly shaped crystals of 
jadeite scattered through albite, which forms 
interlocking crystals of variable size, some indi- 
viduals inclosing a number of crystals of jadeite. 
The albite is pure and fresh and exhibts a charac- 
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teristic cleavage and optical properties. Twinning 
in polysynthetic lamellae is developed to only a 
limited extent. Many crystals are not twinned. 
Apparently the jadeite and albite crystallized at 
the same time. 

The analysis, with redaction by Penfield, is as 
follows : 







So" 
















J=35 

Ci'if 

a, -x 

£ c 

^ cS 

O 


ci 

£ 




Theoretical comparison of 
mixture of 












Nephrite Jadeite 


Albite 


Silica, 


63.47 


2.20 


28.80 


32.47 


2.17 


28.87 


32.48 


Alumina, 


20.76 




11.53 


9.23 




12.45 


9.20 


Ferric oxide, 


1.27 




1.27 










Magnesia, 


1.11 


1.11 






1.08 






Lime, 


1.16 


.50 


.66 




.50 






Soda, 


11.98 




6.63 


5.35 




7.46 


5.81 


Potash, 


.34 






.34 








Water, 


.36 
















100.45 


3.81 


48.89 


47.39 


3.75 


48.76 


47.49 



The analysis indicates the presence of a little nephrite. 



13200. Part of a Kuei or Sceptre, from China. Specific 
gravity, 2.9430; hardness, 6.5; a tomb piece. 
Color , light grayish-yellow with a rich brown dead 
oak-leaf coloring due to oxidation while buried in 
the ground, the general effect reminding one of a 
stained meerschaum pipe. 

Micro structure : consists of minutely fibrous 
amphibole, and considerable compact amphibole in 
irregularly-shaped crystals, in clusters and streaks 
through the rock. There are also remnants of 
small jadeite crystals in aggregations and streaks 
and sometimes in spherulitic clusters. 

The analysis, with reduction by Clarke, is as 
follows : 
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Silica, 


57.37 


Doubtful 

.58 


Nephrite 

56.79 


Alumina, 


1.03 


1.03 




Iron oxides, 


.78 


.78 




Magnesia, 


23.96 




23.96 


Lime, 


13.03 




13.03 


Alkalies, 


undet 


? 




Water, 


3.63 


1.57 


2.06 




99.80 


3.96 


95.84 



Iddings’ work shows that the material was once jadeite, but is mainly 
altered to amphibole. The alumina corresponds to about 4 per cent, jadeite. 

13334. Fragment of crude nephrite from Jade Mountain, 
Alaska. Specific gravity, 2.9487 ; hardness, 5.5 ; 
structure strongly foliated, and in part fine-grained, 
compact, and tenacious. One end is altered to a 
white almost steatitic mass with a hardness of 
not over 2, suggesting weathering or fire-mining. 
Color , sage-green. 

Microstructure : an aggregation of extremely fine 
fibres that lie parallel to one another and have been 
bent into contorted and crenulated bands. There 
is some clouding of the material which is white by 
incident light, and yellowish by transmitted light. 
In places the fibres are less crinkled and the sub- 
stance is nearly transparent, and the double 
refractions are more uniform as shown by the 
interference colors, but there is some mottling. 
The thin section cut across the fibres shows less 
crinkling and a less fibrous texture, and indicates* 
that the fibres are flattened or bladed. Very free 
from inclusions of other minerals. 

The chemical analysis by Foote, and reduction 
by Clarke gave the following : 







Jadeite 


R'" 2 CaSiO 6 


Nephrite 


Silica, 


57.09 


.81 


.41 


55.87 


Alumina, 


.53 


.34 


.19 




Ferric oxide, 


.81 




.81 




Ferrous “ 


3.98 






3.98 


Magnesia, 


22.28 






22.28 


Lime, 


11.75 




.38 


11.37 


Soda, 


.21 


.21 






Water, 


3.57 






2.08 




100.22 


1.36 


1.79 


95.58 






Nephrite, 

Jadeite, 

R'" 2 Ca Si0 6 
Excess water, 



95.58 

1.36 

1.79 

1.49 



100.22 

Nephrite = H 4 Ca 4 (MgFe)i 2 (Si0 3 )i 



13335. Crude Fragment from the Jade Mountain, Alaska. 
Specific gravity, 2.9604 ; hardness, 6.5. The speci- 
men shows contact markings with slight traces of 
slickensides, is closely foliated in part, enclosing 
rounded protuberant masses in the foliation. It is 
stained more or less with small brownish spots 
which are probably the alteration of some included 
mineral. Color , olive-green ; grayisli-green on 

fractured surfaces. 

Micro structure : confused fibres of amphibole, 
extremely minute, crinkled and contorted in some 
places, in streaks of parallel fibres in others. The 
fibres are so minute that they overlie one another 
in the thin section and produce aggregate polariz- 
ations between crossed nicols. It is traversed by 
short crooked cracks containing dark coloring 
matter. The nephrite is stained yellow with 
streaks of brown. 

The chemical analysis by Foote, with reduction 
by Clarke, is as follows : 







Jadeite 


R" 2 Ca Si0 6 


Nephrite 


Silica, 


57.02 


.85 


.58 


55 59 


Alumina, 


.70 


.36 


.34 




Ferric oxide, 


1.04 




1.04 




Ferrous * * 


4.33 






4.33 


Magnesia, 


21.56 






21.56 


Lime, 


12.63 




.54 


12.09 


Soda, 


.22 


.22 






Water, 


3.01 






2.00 




100.51 


1.43 


2.50 


95.57 











s warn 



JADE A! 

Nephrite, 

Jadeite, 

R"a CaSi0 6 
Excess water, 
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100.51 

13122. Knife from British Columbia. Specific gravity, 
2.9987 ; hardness, 6.5 ; of translucent and very 
compact material, showing, where sawn, a very 
characteristic splintery structure. Color , spinach- 
green, black venation. 

Micro structure : a confused aggregation of am- 
phibole fibres, with occasional longer streaks of 
nearly parallel fibres, and a faint suggestion of 
patches derived from previous pyroxene. 

The analysis, with reduction by Clarke, is as 
follows : 





Jadeite 


Ala 


Ca Si0 6 


Nephrite 


Silica, 


56.70 .55 




1.05 


55.10 


Alumina, 
Ferric oxide, 


2.01 .23 




1.78 




Ferrous “ 


5.09 






5.09 


Magnesia, 


21.91 






21.91 


Lime, 


12.12 




.98 


11.14 


Soda, 


.14 .14 








Water, 


2.56 






1.81 




100.53 .92 




3.81 


95.05 




Nephrite, 


95.05 








Jadeite, 


.92 








Al a Ca Si0 6 


3.81 








Excess water, 


.75 










100.53 







13205. 



Nephrite = H 4 Ca 4 (MgFe)i 3 (Si0 3 )i9 

Tliumb-ring from China. Specific gravity, 2.9896 ; 
hardness, 6.5 ; horny, compact, with scattered 
fragmentary highly striated crystals of colorless 
jadeite. Color , olive-gray, clouded and veined 
with brown and black. 

The analysis, with reduction by Clarke, 
follows : 
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Jadeite 


Nephrite 


Silica, 


57.02 


2.47 


54.55 


Alumina, 


1.05 


1.05 




Ferric oxide, ) 


1.10 




.55 ? 


Ferrous ‘ 4 f 






.50? 


Magnesia, 


23.01 




23 01 


Lime, 


14.77 




14.77 


Alkalies, 


undet Na 2 0 


.63? 




Water, 


3.00 




.95 




99.95 


4.15 


94.33 




Nephrite, 


94.33 






Jadeite, 


4.15 






Excess water, 


2.03 





100.53 

Jadeite is assumed to be proportional to alumina, and the undetermined soda 
is calculated to correspond. Ferrous and ferric oxide not separated by the 
analyst. 

13262E. Fragment of oblong medallion from China. Spe- 
cific gravity, 2.9546 ; hardness, 6.5 ; of very pure, 
translucent, and compact material, with splintery 
fracture. Color , sage-green. 

Microstructure: There is a faint suggestion of 
patches derived from a previous pyroxene, but the 
amphibole fibres are in confused aggregation with 
occasional longer streaks of nearly parallel fibres. 

The analysis, with reduction by Clarke, is as 
follows : 







Jadeite? 


R'" 2 Ca Si0 6 


Nephrite 


Silica, 


57.38 


1.28 


.81 


55.29 


Alumina, 


.83 


.54 


.29 


. 


Ferric oxide, 


1.71 




1.71 




Magnesia, 


23.37 






23.37 


Lime, 


13.14 




.76 


12.36 


Soda, 


.33 


.33 






Water, 


3.51 






1.79 




100.27 


2.15 


3.57 


92.83 



Nephrite, 


92.83 


Jadeite? 


2.15 


R" 2 Ca Si0 6 , 


3.57 




98.55 


Excess water, 


1.72 



100.27 
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Little figure from China. Specific gravity, 2.9490; 
hardness, 6.5 ; of translucent, homogeneous, and 
compact material, in which are seen by transmitted 
light some sub translucent inclusions, evidently 
another form of nephrite. Color , yellow, with a 
greenish tint. 

The analysis, with reduction by Clarke, is as 



follows : 




R"'a Ca Si0 6 


Serpentine 


Nephr: 


Silica, 


54.44 


.62 


.84 


52.98 


Alumina, 


.82 


.82 






Ferric oxide, 


.38 


.38 






Ferrous “ 


.34 






.34 


Magnesia, 


25.88 




.84 


25.04 


Lime, 


13.70 


.58 




13.12 


Soda, 


.70 






.70 


Potash, 


.54 






.54 


Water, 


3.48 




.25 






100.28 


2.40 


1.93 


92.72 



Nephrite, 
Serpentine, 
R"' 2 Ca Si0 6 , 
Excess water, 



92.72 

1.93 

2.40 

3.23 

100.28 



3121. Vase from China. Specific gravity, 2.9513; hardness, 
6.5; of translucent, compact material, the sinewy 
texture of which is well shown by transmitted light. 
Color , white, with very light greenish tint. 

as 



The analysis, 


with 


reduction 


by Clarke, is 


follows : 




Jadeite? 


Acmite? 


Nephrite 


Silica, 


57.28 


3.43 


.84 


53.01 


Alumina, 


1.46 


1.46 






Ferric oxide, 


.56 




.56 




Ferrous “ 


1.19 






1.19 


Manganous 4 * 


.28 






.28 


Magnesia, 


20.88 






20.88 


Lime, 


13.15 






13.15 


Soda, 


2.61 


.88 


.22 


1.51 


Potash, 


1.23 






1.23 


Water, 


1.79 






1.23 




100.43 


5.77 


1.62 


92.48 




The low silica indicates serpentine. 
Without it bases are in excess of silica. 
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Nephrite, 
Jadeite, 
Acmite, 
Excess water, 



92.48 

5.77 Here the excess of alkalies re- 
1.62 places magnesia in the nephrite. 

.56 

100.43 



13223. Hatchet from the lake-dwellings at Neufchatel, 
Switzerland. Specific gravity, 3.0034; hardness, 6.5; 
of sub translucent material, with a compact, inter- 
woven, laminated structure made up of so many 
fine lamina that a beautiful sheen is seen trans- 
versely across the left side. Color , light olive- 
green. 

Microstructure : the rock gives evidence of hav- 
ing been crushed or dragged, and the structure indi- 
cates a high degree of dynamic metamorphism. 
The fibres are almost perfectly parallel, with stria- 
tions that seem to be due to twinning parallel to 
the orthopinacoid. The structure resembles that of 



silicified wood in longitudinal section. 




The analysis, 


with reduction by Clarke, is as 


follows : 










Na A1 Si a 0 6 


Na Fe Si a 0 6 


Nephrite 


Silica, 55.48 


1.91 


1.35 


52.22 


Alumina, .89 


.89 






Ferric oxide, .90 




.90 




Ferrous “ 3.47 






3.47 


Magnesia, 22.69 






22.69 


Lime, 12.89 






12.89 


Soda, .80 


.49 


.31 




Potash, .44 




.06 


.38 


Water, 3.12 






.44 


100.68 


*3.29 


2.62 


92.09 


Nephrite, 


92.09 






A1 Na Si a 0 6 , 


3.29 






Fe Na Si a 0 6 , 


2.62 






Excess water, 


2.68 






100.68 







13262R. Broken medallion, China. Specific gravity, 2.9510; 
hardness, 6.5 ; compact, homogeneous, splintery 
structure ; apparently no inclusions. Color , white. 









nniRb; 
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Microstructure : a microcrystalline to micro- 
cryptocrystalline aggregation of fibres of colorless 
amphibole that extinguish light between crossed 
nicols in irregular patches, showing that the orig- 
inal rock was a coarse-grained jadeite. 

The analysis, with reduction by Clarke, is as 
follows : 







Al 2 Ca Si0 6 


Fe 2 Ca Si0 6 


Nephrite 


Silica, 


57.77 


1.47 


.91 


55.39 


Alumina, 


2.60 


2.50 






Ferric oxide, 


2.76 




2.43 




Magnesia, 


20.91 






20.91 


Lime, 


13.61 


1.37 


.85 


11.39 


Water, 


3.52 






3.52 




101.07 


5.34 


4.19 


91.21 



Nephrite, 

Fe 2 Ca Si0 6 
Al 2 Ca Si0 6 , 
Excess Fe 2 0 3 



91.21 

4.19 

5.34 

.33 

101.07 



Computation uncertain. Absence of 
alkalies seems to render the hornblendic 
molecule R 2 Ca Si0 6 necessary. The 
summation of the analysis is not good. 



13248. Hatchet from the Swiss lake- dwellings. Specific 
gravity, 2.9836; hardness, 6.5 ; two sides flat and 
free from stains, two stained to some depth. Color , 
light green. 

Microstructure : Fibres parallel, slightly curved; 
the laminated structure is strongly marked and 
accompanied by crooked cracks. It has the ap- 
pearance of having been crushed or dragged, and 
the structure indicates a high degree of dynamic 
metamorphism. 

reduction by Clarke, is as 



The analysis 
follows : 

Silica, 58. 

Alumina, 

Ferric oxide, 1 

Ferrous “ 3 

Manganous “ 
Magnesia, 2$ 

Lime, 13 

Soda, 

Potash, 

Water, 



Acmite 

1.86 



R 2 (Si0 3 ) 3 
1.46 
.50 
.52 



Nephrite 

51.25 
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Excess silica, 
“ potash, 



90.64 

3.58 

2.48 

96.70 

4.09 

4.10 

100.89 



This nephrite carries an excess of 
silica over bases. 



3125. Sword-guard from India. Specific gravity, 3.0783 ; 
hardness, 6.5 ; of sub translucent, very homogeneous 
and remarkably compact material with a vein-like 
fracture running parallel with the width of the 
guard. Color , very dark greenish-black. 

Microstructure : a nearly uniform mixture of 
ampliibole fibres in fan-shaped divergent clusters 
sometimes approaching a spherulitic arrangement. 

The analysis, with reduction by Clarke, is as 



follows : 




Jadeite ? 


R a (Si0 3 ) 3 


Nephrite 


Silica, 


55.51 


1.59 


4.35 


49.57 


Alumina, 


1.72 


.67 


1.05 




Ferric oxide, 


1.33 




1.33 




Ferrous “ 


7.69 






7.69 


Magnesia, 


18.80 






18.80 


Lime, 


13.17 






13.17 


Soda, 


.41 


.41 






Water, 


1.82 






.55 




100.45 


2.67 


6.73 


89.78 



Nephrite, 


89.78 


The excess of alumina and ferric 


Jadeite, 


2.67 


oxide over jadeite is reckoned 


as 


R 2 (SiOa)a, 


6.73 


the silicate (A1 Fe) a (SiOab- This 


Excess water, 


1.27 


may be regarded also as part 
the nephrite. 


of 




100.45 







13118. Slab from New Zealand. Specific gravity, 3.0103 ; 
hardness, 6.5. This is a section of a boulder with 
part of the weathered surface still remaining at one 
end. It is remarkably free from metallic inclusions 
of every kind, is highly translucent, compact, and 
homogeneous, admitting of a very high polish. 
Color , brilliant seaweed-green. 
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Micro structure : Fibres in parallel, sometimes in 
curved, arrangement, with a parallel or laminated 
structure, strongly marked, and often accompanied 
by crooked cracks. The rock appears to have been 
crushed or dragged, and the structure indicates a 
high degree of dynamic metamorphism. 

The analysis, with reduction by Clarke, is as 
follows : 






ai : 


Na Si 2 0 6 


(AlFe) 2 (Si0 3 ) 3 


Nephrite 


Silica, 


58.14 


1.40 


4.50 


52.24 


Alumina, 


.98 


.59 


.39 




Ferric oxide, 


3.39 




3.39 


* 


Ferrous “ 


.85 






.85 i' 


Manganous “ 


.22 






.22 


Magnesia, 


22.38 






22.38 


Lime, 


12.53 






12.53 


Soda, 


.36 


.36 






Water, 


1.69 






1.30 


100.54 


2.35 


8.28 


89.52 


Nephrite, 


89.52 






\ 


A1 Na Si 2 0 6 , 


2.35 


Nephrite = 


P 


R"' a (Si0 8 )s, 


8.28 




II 2 Ca 3 Mg, 


1? 

O 

o 


Excess water, 


.39 




Ca (H a Mg) 


3 (Si0 3 ) 4 , K 




100.54 






1 


Fragment of 


boulder 


from river-bed, China. Spe- L 



cilic gravity, 2.9825 ; hardness, 6.5. Translucent, 
compact, splintery structure, with very fine grained 
texture on cut surfaces. One-half of the mass has 
been polished by attrition in the river, and stained 
by oxidation of iron and other minerals. Color , 
light sage-green. 

Micro structure : a confused aggregate of amphib- 
ole fibres that in x>laces reach the size of compact 
crystals, with a few fragments of jadeite remaining. 

The analysis, with reduction by Clarke, is as 
follows : 
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Jadeite 


R' a (Si0 3 )3 


Nephrite 


Silica, 


58.59 


4.33 


1.95 


52.31 


Alumina, 


2.33 


1.84 


.49 




Ferric oxide, 


.97 




.97 




Ferrous “ 


.11 






.11 


Manganous “ 


.35 






.35 


Magnesia, 


22.30 






22.30 


Lime, 


12.41 






12.41 


Soda, 


.98 


.98 






Potash, 


.21 


.21 






Water, 


1.54 






1.54 




99.79 


7.36 


3.41 


89.02 


Nephrite, 




89.02 






Jadeite, 




7.36 


Nephrite = 




R'ysio,),. 




3.41 


Ca(HaMg) 3 (Si0 3 )4 



99.79 



3136. Screen-picture from China. Specific gravity, 2.9609 ; 
hardness, 6.5 ; translucent, compact, homogeneous, 
with white mottlings or inclusions that are almost 
opaque and are evidently nephrite. Color , white, 
with light greenish tint. 

Micro structure : clearly the result of amphibolic 
alteration of jadeite. The rock consists of microcrys- 
talline to microcryptocrystalline aggregations of 
fibres of colorless ampliibole that extinguish light 
between crossed nicols in irregular patches, some of 
which are banded in parallel lines. These corre- 
spond to the originally twinned pyroxenes. In 
places the ampliibole is in compact crystals. A few 
small clouded spots appear to be impure muscovite. 

The analysis, with reduction by Clarke, is as 



follows : 




Jadeite 


R'"a Ca Si0 6 


Nephrite 


Silica, 


56.66 


4.49 


.70 


51.47 


Alumina, 


2.74 


1.91 


.83 




Ferric oxide, 


.56 




.56 




Ferrous ‘ ‘ 


.51 






.51 


Magnesia, 


23.42 






23.42 


Lime, 


12.52 




.65 


11.87 


Soda, 


1.16 


1.16 






Water, 


2.23 






.93 




99.80 


7.56 


2.74 


88.20 
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Nephrite, 


88.20 


Nephrite = 


Jadeite, 


7.56 


H 2 Ca 4 Mgn(Si0 3 )i6 or 


R"' 3 Ca Si0 6 , 


2.74 


Ca 2 (H 2 Mg) 3 (Si0 3 ) 4 . 


Excess water, 


1.30 






99.80 





13192 FI. Medallion with carving of dragon-heads, China. 
Specific gravity, 2.9706 ; hardness, 6.5 ; remarkably 
pure and homogeneous, exhibiting a characteristic 
splintery fracture when broken. Color, white, 
with milky tint. 

Microstructure : considerable parallelism is seen 
in the fibres in places, and there are traces of the 
original pyroxenic grains in the arrangement of 
the fibres. Prismatic crystals of amphibole are 
abundant, and lie in several directions. 

The analysis, with reduction by Clarke, is as 



follows : 




Jadeite 


R'" 3 (Si0 3 ) 3 Nephrite 


Silica, 


57.82 


1.20 


5.72 50.90 


Alumina, 


1.14 


.51 


.63 


Ferric oxide, 


4.10 




4.10 


Magnesia, 


20.49 




20.49 


Lime, 


13.93 




13.93 


Soda, 


.31 


.31 




Water, 


3.08 




1.57 




100.87 


2j02 


10.45 86.89 



Nephrite, 


86.89 


State of iron uncertain. If ferrous 


R'" 2 (Si0 3 ) 3 , 


10.45 


the summation would be 0.41 lower, 


Jadeite, 


2.02 


and better. Nephrite would then be 


Excess water, 


1.51 


about 7 per cent, higher. 




100.87 





3156. Vase from China. Specific gravity, 2.9539; hardness, 
6.5 ; of a translucent, homogeneous and compact 
material with several inclusions, 2 to 3 mm. in width, 
of a delicate grayish-brown color. Color , white, with 
very light greenish tint. 

Microstructure : a uniform aggregation of minute 
fibres. In the finer-grained portion are groups of 
compact amphiboles yielding fan-shaped sections. 
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The analysis, with reduction by Clarke, is as 
follows : 







A1 Na Si 2 0 6 


Fe Na Si 2 0 6 


Nephrite 


Silica, 


57.89 


4.68 


2.04 


51.17 


Alumina, 


1.99 


1.99 






Ferric oxide, 


1.36 




1.36 




Magnesia, 


20.74 






20.74 


Lime, 


12.60 






12.60 


Soda, 


2.06 


1.21 


.53 


.32 


Water, 


3.38 






1.87 




100.02 


7.88 


3.93 


86.70 


Nephrite, 




86.70 






A1 Na Si 2 0 6 , 




7.88 






Fe Na Si 2 0 6 , 




3.93 







Excess water, 



1.51 



100.02 



13233. Hatchet from the lake-dwellings of Neufchatel, 
Switzerland. Specific gravity, 3.0118 ; hardness, 6.5 ; 
material very compact and subtranslucent. Color , 
light olive-green. 

Microstructure : parallel fibres, sometimes in a 
slightly curved arrangement, with a parallel or 
laminated structure strongly marked, and accom- 
panied by crooked cracks. There is every appear- 
ance of the rock having been crushed or dragged and 
the structure indicates a high degree of dynamic 
metamorphism. 

The analysis, with reduction by Penfield, is as 
follows : 







g 3 

fit x 
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3 

a 


TJ 

V 
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o 5.0 


0 


0 0 

O'*- 


£ 3 
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0 
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O 

<a 

a 


& V 

^ CJ 








0 




0 


Ih 




Silica, 


57.19 


7.44 


49.75 




57.35 


57.69 


Alumina, 


2.24 


2.24 










Ferric oxide, 1.60 


1.60 










Ferrous 4 4 


1.10 




1.10 








Magnesia, 


21.97 




21.97 




28.32 


28.85 


Lime, 


13.16 


.73 


12.43 




14.33 


13.46 


Soda, 


.20 


.20 










Potash, 


1.44 


1.44 










Water, 


1.82 




.90 


0.92 








100.72 


13.65 


86.15 


0.92 


100.00 


100.00 









sseisv 
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3148. Sculptured rock-mass , from China. Specific gravity, 
2.9549 ; hardness, 6.5 ; a very large piece of remark- 
ably pure material. Color, white, with light-green- 
ish tint. 

Micro structure : a microcrystalline to microcrypto- 
crystalline aggregation of colorless fibres and flakes or 
scales, having a confused arrangement which in places 
approaches a more definite grouping, in which the 
fibres lie in several directions. In each of these direc- 
tions the fibres are approximately parallel and slightly 
curving, so that the streaks or bands of fibres extin- 
guish the light simultaneously between crossed 
nicols. The polarizing colors of these minute fibres 
are grays of the first order. They grade into thicker 
and more compact crystals with higher interference 
colors. Throughout this mass are scattered frag- 
mentary crystals of colorless jadeite, which is dis- 
tinguished from the amphibole by its higher refrac- 
tion. The double refraction is also higher. Its 
prismatic cleavage is also characteristic. A lamellar 
twinning is present and in places is curved, and 
apparently the result of strain. The amphibole is 
compact in some cases and fibrous in others. The 
transition is into compact amphibole which frays out 
into curved fibres at the ends. It is evident that the 
fibrous amphibole composing this rock has been 
derived from colorless pyroxene or jadeite remnants 
of which still exist in the rock. 

The analysis, with reduction by Clarke, is as 



follows : 




Jadeite 


Fe (NaK) Si a 0 6 


Nephrite 


Silica, 


57.46 


6.36 


1.25 


49 85 


Alumina, 


2.70 


2.70 






Ferric oxide, 


.83 




.83 




Magnesia, 


20.87 






20.87 


Lime, 


12.49 






12.49 


Soda, 


1.79 


1.64 


.15 




Potash, 


1.64 




.26 


1.28 


Water, 


2.71 






1.28 




100.49 


10.70 


2.49 


85.87 
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Nephrite, 


85.87 




Jadeite, 


10.70 


Nephrite = 


Acmite ? 


2.49 


Ca(H 2 Mg) 3 (Si0 3 ) 4 approx 


Excess water, 


1.43 






100.49 





13246. Slab from jade boulder, Siberia. Specific gravity, 
3.0070; hardness, 6.5. Highl}^ translucent, very com- 
pact and homogeneous, with characteristic splintery 
fracture. Color , seaweed-green, with clouds of 

brown. 

Micro structure : a nearly uniform mixture of am- 
phibole fibres in fan-shaped, divergent clusters ; some- 
times approaching a splierulitic arrangement. 

The analysis, with reduction by Clarke, is as 
follows : 



AlNaSi 2 0 6 R'" 2 CaSi0 6 Nephrite 



Silica, 


55.96 


1.97 


2.43 


51.56 


Alumina, 


2.33 


.84 


1.49 




Ferric oxide, 


4.28 




4.12 




Magnesia, 


20.35 






20.35 


Lime, 


13.49 




2.26 


11.23 


Soda, 


.51 


.51 






Water, 


2.72 






2.72 




99.64 


3.32 


10.30 


85.86 



Nephrite, 


85.86 




A1 Na Si 2 0 6 


3.32 




R'" 2 Ca Si0 6 


10.30 


Here, unless the iron oxide is 
in error, the liornblendic mole- 




99.48 


cule R'" 2 Ca Si0 6 seems to be 


Excess Fe 2 0 3 , 


.16 


necessary. 




99.64 





13095. A small saucer -shaped dish , from China (one of a 
pair). Specific gravity, 2.9758 ; hardness, 6.5 ; of 
translucent, homogeneous and very compact material, 
with a mottling throughout part of it of a trifle more 
opaque and slightly darker substance, probably 
nephrite, and an inclusion in one part of a most pro- 
nounced crystalline structure that may be a remnant 
of former jadeite. A few microscopic flakes of color- 
less mica are present. Color , sage-green. 
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The analysis by Walden, with reduction by Clarke, 
is as follows : 



Silica, 


57.42 


Jadeite Acmite 

5.49 1.96 


Nephrite 

49.97 


Alumina, 


2.66 


2.35 


.31 


Ferric oxide, 


1.31 


1.31 




Ferrous “ 


1.78 




1.78 


Manganous oxide, 


.28 




.28 


Magnesia, 


14.30 




14.30 


Lime, 


16.19 




16.19 


Soda, 


1.93 


1.42 .51 




Water, 


3.69 




2.68 




99.56 


9.26 3.78 


85.51 


Nephrite, 




85.51 The nephrite is distinctly liy- 


Jadeite, 




9.26 drous, and the excess uf lime 


Acini te, 




3.78 over magnesia in 


it indicates its 


Excess Water, 


1.01 pyroxenic origin. 





99.56 

13030. Fragment of a water-worn boulder, New Zealand. 
Specific gravity, 3.0122 ; hardness, 6.5 ; translucent, 
very compact, and homogeneous, admitting of a high 
polish ; with transverse fracturing and laminae 
parallel to the flat length of the mass. 

Microstructure : fibres parallel, sometimes in curved 
arrangement with a parallel or laminated structure 
strongly marked and often accompanied by crooked 
cracks. The rock appears to have been crushed or 
dragged, and the structure indicates a high degree of 
dynamic metamorphism. Color, rich dark green. 

The analysis, with reduction by Penfield, is as 



follows : 




* 














io 

■a© 


50 

{ j ' 


•co 


ll 


>> 

o 






§_• 


a> n 
JO 


'H.S 


0,0 


V 

A 






It 














O* 










Silica, 


57.78 


5.52 


2.40 


49.86 


57.62 


57.69 


Alumina, 


2.35 


2.35 










Ferric oxide. 


1.60 




1.60 








Ferrous ‘ ‘ 


2.83 






2.83 






Magnesia, 


14.80 






14.80 


25.15 


28.85 


Lime, 


15.02 






15.02 


17.33 


13.46 


Soda, 


1.63 


1.01 


0.62 








Potash, 


1.00 


.66 










Water, 


2 75 






2.45 








99.76 


9.54 


4.62 


84.96 


100.00 


100.00 



Unaccounted for : Potash 0.34 ; water 0.30 = 0.64. 



168 



JADE AS A MINERAL. 



18088. Fragment of boulder from New Zealand. Specific 
gravity, 3.0000 ; hardness, 6.5 ; translucent, compact, 
homogeneous. The tough, splintery character of the 
material is very apparent in many places. A number 
of the original boulder surfaces are still unworked. 

Under the microscope there is a faint suggestion of 
the patches derived from previous pyroxene, but the 
amphibole fibres are in a confused aggregation, with 
occasionally longer streaks of nearly parallel fibres. 
Color , spinacli-green with patches of olive-green. 

The analysis, with reduction by Clarke, is as 
follows : 





Na A1 Si 2 0 6 


Na Fe Si 2 0 6 


Nephrite 


Silica, 


56.41 2.14 


5.76 


48.51 


Alumina, 


.91 .91 






Ferric oxide, 


3.84 


3.84 




Ferrous ‘ 4 


1.92 




1.92 


Manganous oxide, 


.15 




.15 


Magnesia, 


19.09 




19.09 


Lime, 


12.81 




12.81 


Soda, 


2.64 .55 


1.49 


.60 


Water, 


2.56 




1.15 




100.33 3.60 


11.09 


84.23 




Nephrite, 


84.23 






Na A1 Si 2 0 6 , 


3.60 






Fe A1 Si 2 0 6 , 


11.09 






Excess Water, 


1.41 








100.33 





13006. Slab , New Zealand. Specific gravity, 3.0019; hard- 
ness, 6.5 ; translucent, homogeneous, compact in 
structure ; filled with splintery veinings and frac- 
tures. Color , pea-green. 

Microstructure: fibres in parallel, sometimes 

curved, arrangement, with a strongly marked parallel 
or laminated, structure. The rock gives evidence of 
having been crushed or dragged, and the structure 
indicates a very high degree of dynamic meta- 
morphism. 

The analysis, with reduction by Clarke, is as 
follows : 






1 , 
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A1 (NaK) Si 2 0 6 


It ' 2 (Si0 3 ) 3 


Nephrite 


Silica, 


56.63 


2.49 


6.40 


47.74 


Alumina, 


2.14 


1.06 


1.08 




Ferric oxide, 


3.99 




3.99 




Magnesia, 


21.69 






21.69 


Lime, 


13.41 






13.41 


Soda, 


.20 


.20 






Potash, 


.69 


.69 






Water, 


1.67 






.26 




100.42 


4.44 


11.47 


63.10 



Nephrite, 


83.10 


K is equivalent to Na, and is put 


R'" 2 (Si0 3 ) 3 , 


11.47 


in the glaucophane-like molecule. 


A1 R' Si 2 0 6 , 


4.44 


State of iron doubtful. In a pea- 


Excess water, 


1.41 


green jade it should be mainly 
ferrous. 




100.42 





3246. Wine-jug from China ; a tomb piece. Specific 
gravity, 2.9243 ; hardness, 6.5. Color, light gray, 
changed in part by oxidation to a darker gray, with 
brownish hues, and seams and fractures of dead oak- 
leaf color. 

Microstructure : a microcrystalline to microcrypto- 
crystalline aggregation of fibres of colorless amphib- 
ole that extinguish light between crossed nicols in 
irregular patches, some of which are banded in 
parallel lines. These patches correspond to the 
originally twinned pyroxene. In places the amphib- 
ole is in compact crystals. There is also a mottling 
similar to that noticed in the large crystals of jadeite 
where it was the result of strain. 

is as 



The analysis, 


with 


reduction by 


Clarke, 


follows : 




Jadeite, etc. 


Nephrite 


Silica, 


56.91 


9.17 


47.74 


Alumina, 


2.84 


2.84 




Ferric oxide, 


1.56 


1.56 




Magnesia, 


21.82 




21.82 


Lime, 


11.56 




11.56 


Soda, 


1.62 


1.62 




Potash, 


1.19 


1.17 




Water, 


3.07 




.49 




100.57 


16.36 


81.61 
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Nephrite, 81.61 

R 'R' Si 2 O e 16.36 

Excess water, 2.58 



100.55 

.02 K a O unaccounted for. 



The pyroxene molecule here 
represents jadeite, A1 Na Si 2 0 6 , 
and acmite, Fe Na Si 2 0 6 , with 
potassium partly replacing 
sodium. 



13211. Fragment of boulder, Siberia. Specific gravity, 
3.0138 ; hardness, 6.5 ; part of the original surface of 
what was a water-worn boulder. Translucent, show- 
ing on sawed surface a remarkably homogeneous and 
compact texture. On the fractured surfaces very 
splintery, in some parts almost fibrous. A few in- 
cluded crystals of a black metallic substance, appar- 
ently chromic iron. Color , brilliant seaweed-green. 

Microstructure : there are mottled patches, but the 
mottling is so coarse that the details of it can be 
seen. It consists of fanlike bundles of fibres crossing 
one another in two or more directions, sometimes 
producing splierulitic aggregates with four long 
arms. In other places the fibres are arranged in 
lines of lenticular or spindle-shaped bundles, which 
produce curving lines. Between the latter are fibres 
in other orientations, probably bundles seen in cross- 
section. This appears to be the same structure that 
produces the mottling in the finer-grained forms. 
The long streaks of parallel fibres are very marked. 

The analysis, with reduction by Penfield, is as 
follows : 







Jo 

3.03 


So 

O oT 


%o 

333 


•-§ 

ts 


o 

0) 








.216 


s* 


O • 










fc 








Silica, 


57.65 


2.40 


7.44 


47.81 


56.76 


57.69 


Alumina, 


1.06 


1.06 










Ferric oxide, 


4.93 




4.93 








Ferrous “ 


.11 






.11 






Magnesia, 


14.95 






14.95 


24.19 


28.85 


Lime, 


16.05 






16.05 


19.05 


13.46 


Soda, 


2.38 


.62 


1.76 








Potash, 


.93 




.28 








Water, 


2.46 






2.42 








100.52 


4.08 


14.41 


81.34 


100.00 


100.00 



Unaccounted for : Potash 0.65 ; water 0.04 = 0.69. 
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13268. Boulder from river-bed, China. Specific gravity, 
2.9690 ; hardness, 6.5 ; exterior worn down by attri- 
tion, and though stained black and brown exteriorly 
the inner surface is practically unaltered. Color , 
greenish-gray. 

Microstructure : the once coarse-grained aggregate 
of pyroxene crystals is perfectly mapped out by 
patches of similarly oriented amphibole fibres 
arranged in a direction corresponding to the twinned 
positions of the pyroxene lamellae, with patches of 
mottling so coarse that the details of the structure 
can be seen. It consists of fanlike bundles of fibres 
crossing one another in two or more directions, some- 
times producing spherulitic aggregates, with four 
long arms. In other places the fibres are arranged in 
lines of lenticular or spindle-shaped bundles which 
produce curving lines. Between the latter are fibres 
in other orientations, probably bundles seen in cross- 
section. This appears to be the same structure that 
produces the mottling in the finer-grained forms. 

The analysis, with reduction by Clarke, is as 



follows : 




Jadeite 


Acmite 


Nephrite 


Silica, 


57.43 


7.39 


2.82 


47.22 


Alumina, 


3.14 


3.14 






Ferric oxide, 


1 88 




1.88 




Ferrous “ 


.47 






.47 


Magnesia, 


19.68 






19.68 


Lime, 


12.04 






12.04 


Soda, 


2 87 


1.91 


.73 


.23 


Water, 


2 61 






1.26 




100.12 


12.44 


5.43 


80.90 


Nephrite, 


80.90 








Jadeite, 


12.44 








Acmite, 


5.43 








Excess water 


, 1.35 










100.12 









13008. Small round, dish from China. Specific gravity, 
2.9564 ; hardness, 6.5 ; of translucent, homogenous, 
and compact material, in which a fine camphor-like, 
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apparently crystalline structure is seen that may 
possibly be due to traces of the former jadeite ; and 
the microscopic examination bears out this observa- 
tion. The coarse-grained aggregate of pyroxene 
crystals is perfectly mapped out by the patches of 
similarly oriented amphibole fibres, arranged in a 
direction corresponding to the twinned positions of 
the pyroxene lamellse. Color , white, with light 

creamy tint. 

The analysis by Walden, with reduction by Clarke, 



gave the following : 












Jadeite 


Al 2 Ca SiOa 


Nephrite 


Silica, 


56.88 


8.71 


1.11 


47.01 


Alumina, 


5.33 


3.70 


1.63 




Ferric oxide, 


.46 




.46 




Magnesia, 


19.38 






19.38 


Lime, 


13.11 




1.03 


12.08 


Soda, 


2.25 


2.25 






Water, 


3.44 






1.50 


100.80 


14.66 


4.23 


79.97 


Nephrite, 




79.97 






Jadeite, 




14.66 






Al a Ca Si0 6 , 




4.23 






Excess water, 




1.94 







100.80 

13212. Fragment of boulder from Turkistan. Specific 
gravity, 3.0033; hardness, 6.5. Color , seaweed-green. 

Micro structure : a mixture of amphibole fibres in 
fan-shaped, divergent clusters sometimes approaching 
a spherulitic arrangement, as in No. 13216. Some of 
the bundles, however, are longer and larger, and 
needles of compact amphibole are sparingly present. 



The analysis, with reduction by Clarke, is as 



follows : 




A1 Na Si 2 0 6 


Fe Na Si 2 O fi 


Nephrite 


Silica, 


58.04 


5.24 


6.96 


45.84 


Alumina, 


2.23 


2.23 






Ferric oxide, 


4.64 




4.64 




Ferrous “ 


.16 






.16 


Manganous oxide, 


.38 






.38 


Magnesia, 


14.50 






14.50 


Lime, 


12.68 






12.68 


Soda, 


4.83 


1.35 


1.80 


1.68 


Potash, 


.39 






.39 


Water, 


2.83 






2.51 




100.68 


8.82 


13.40 


78.14 
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Nephrite, 78.14 

Fe Na Si 2 0 6 , 13.40 

A1 Na Si 2 0 6 , 8.82 

Excess water, .32 



100.68 



The nephrite contains water and 
alkalies replacing magnesia. The 
iron determination may he doubt- 
ful. 



13007G. Fragment of worked nephrite from China. Spe- 
cific gravity, 2.9680 ; hardness, 6.5 ; translucent, com- 
pact, splintery structure with veinings of darker 
material, and inclusions of some other dark, almost 
black mineral. Color , spinach-green, with russet 
veinings. 

Micro structure : a confused aggregation of ampliib- 
ole fibres, with occasional longer streaks of nearly 
parallel fibres and a faint suggestion of patches 
derived from pyroxene. The texture varies from 
place to place. Some of it is extremely fine-grained ; 
in other places it is in patches of coarser grain. 

The analysis, with reduction by Clarke, is as 
follows : 





R'R' Si 2 0 6 


R"' a Ca SiO e 


Nephrite 


Silica, 


56.13 


9.46 


1.40 


45.27 


Alumina, 


5.06 


4.02 


1.04 




Ferric oxide, 


2.12 




2.12 




Ferrous “ 


1.01 






1.01 


Magnesia, 


19.20 






19.20 


Lime, 


11.88 




1.31 


10.57 


Soda, 


1.19 


1.19 






Potash, 


1.90 


1.90 






Water, 


2.29 






1.29 




100.78 


16.57 


. 5.87 


77.34 


Nephrite, 


77.34 








R 'R' Si 2 0 6 , 


16.57 








R"'a Ca SiO 0 , 


5.87 








Excess water, 


1.00 










100.78 









13216. Hatchet from New Caledonia. Specific gravity, 
2.9311 ; hardness, 6.5 ; polished all over except in 
two places where the weathered surface of the origi- 
nal boulder is visible. Color , dark- brown, with veins 
and lines of lighter shades. 
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Micro structure : a nearly uniform mixture of 
amphibole fibres, in fan-shaped, divergent clusters, 
sometimes approaching a spherulitic arrangement. 

The analysis, with reduction by Clarke, is as 
follows : 

A1 Na Si a 0 6 Fe R' Si 2 0 6 Serpentine Nephrite 



Silica, 52.60 


3.40 


1.62 


4.92 


42.66 


Alumina, 1.45 

Ferric oxide, 2.10 

Ferrous “ 2.14 


1.45 


1.08 • 




2.14 


Manganous oxide, .10 








.10 


Magnesia, 23.06 






4.92 


18.14 


Lime, 12.72 

Soda, .93 


.88 


.05 




12.72 


Potash, .57 

Water, 3.62 




.57 


1.48 




99.29 


5.73 


3.32 


11.82 


75.76 


Nephrite, 75.76 










Serpentine, 11.32 


Silica in nephrite 0.05£ 




A1 Na Si 2 0 6 , 5.73 
Fe R' Si 2 0 6 , 3.32 




too low. 






96.13 










Ferric oxide, 1.02 l 

Water, 2.14 ) 


unaccounted for. 






99.29 











13266. Large flat carved celt from China. Specific gravity, 
2.9506; hardness, 6.5; a confused aggregate of 
amphibole fibres, with a small amount of colorless 
jadeite in fan-shaped aggregates. Color , dark brown 
of various shades. 



Analysis, 


with reduction by Clarke, is 


as follows 






Jadeite ? Serpentine ? 


Nephrite 


Silica, 


52.98 


4.25 9.48 


39.25 


Alumina, 


1.79 


1.79 




Ferric oxide, 


.05 






Ferrous oxide, 


.46 




.46 


Manganous oxide, 


.05 




.05 


Magnesia, 


25.49 


9.48 


16.01 


Lime, 


13.39 




13.39 


Soda, 


1.11 


1.11 




Potash, 


.71 




.71 


Water, 


3.50 


2.84 






99.53 


7.15 21.80 


69.87 








Nephrite, 

Serpentine, 

Jadeite, 

Ferric oxide, 
Water, 
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7.15 
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98.82 
.05 ) 

.66 f 

99.53 



unaccounted for. 



13210. Fragment of crude jade from Jordansmuhl, Silesia. 
Specific gravity, 2.9451; hardness, 6.5; translucent, 
very compact, tough splintery texture, breaking into 
irregular horn-like fractures. Color , spinach-green, 
with black. 

Micro structure : numerous compact prisms of 

amphibole which grade into fibres, are in nearly 
parallel groups and cross one another in several direc- 
tions. 

with reduction by Clarke, is 



The analysis, 
follows : 



as 



Silica, 

Alumina, 

Ferric oxide, 
Ferrous oxide, 
Manganous oxide, 
Magnesia, 

Lime, 

Soda, 

Potash, 

Water, 



54.44 

5.92 

3.72 

2.56 

.22 

16.79 

7.51 

4.64 

.28 

4.12 



A1 Na Si 2 0 6 
13.93 
5.92 



3.60 



100.20 



23.45 



Fe Na Si 2 0 6 
4.82 

3.15 



1.04 

.28 

9.29 



Nephrite 

35.69 



2.56 

.22 

16.79 

7.51 



.04 



62.81 



Nephrite, 


62.81 


Fe Na Si 2 0 6 , 


9.29 


A1 Na Si a Oc, 


23.45 




95.55 


Ferric oxide, 


.57 


Water, 


4.08 




100.20 



A1 and Fe probably in glauco- 
pliane and riebeckite molecules re- 
spectively. 



unaccounted for. 



13086. Adze , New Zealand. Specific gravity, 3.2663 ; hard- 
ness, 6.5 ; of compact, schistose, horny structure, 
showing black grains of chromic iron. Color , pear- 
leaf green. 
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Micro structure : very minute particles and fibres 
with a preponderating parallel arrangement, with 
banded structure, some bands being clouded, others 
transparent. There are small opaque spots that are 
green by incident light, and irregularly shaped crys- 
tals of a reddish-brown isotropic mineral probably 
perovskite, which is surrounded by a white opaque 
substance resembling leucoxene. 

Analysis by Walden, with reduction by Penfield, is 
as follows : 







Jadeite-like 

Mineral 


Diopside 
Ca Mg (Si0 3 ) 2 


Diopside 
Cal. to 100# 


Diopside 

Theory 


Silica, 


54.19 


10.80 


43.39 


54.06 


55.57 


Alumina, 


3.48 


3.48 








Ferric oxide, 


1.79 


1.79 








Magnesia, 


14.58 




14.58 


19.16 


18.51 


Lime, 


24.03 


1.74 


22.29 


27.77 


25.92 


Soda, 


.88 


.88 








Water, 


.65 












99.60 


18.69 


80.26 • 


100.00 


100.00 



13005. Axe from the lake-dwellings at Neufchatel, Switzer- 
land. Specific gravity, 3.0919 ; hardness, 6.5 ; the 
material exhibits a twinned horny structure. Color , 
very dark green almost black. 

Microstructure : consists mainly of amphibole in 
minute, irregularly shaped crystals, and some larger 
ones that exhibit distinct green color, with pleochro- 
ism from yellowish- to bluish-green. In places the 
amphibole occurs in distinct prismatic crystals, with 
the prism faces and cleavage well developed. 
Between these minute crystals is a colorless mineral 
with lower refraction and low double refraction, of 
very pure substance, suggesting quartz. It is wholly 
allotriomorphic, or interstitial, acting as a cement for 
the other minerals. Though in very small areas, it is 
very widely scattered through the rocks and is pres- 
ent in considerable quantity for an accessory mineral. 
Scattered through the rock in much greater quantity 
are small particles of an almost colorless mineral 
whose form and optical properties correspond to 
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those of klinozoisite. It constitutes about 40$ of the 
rock. With it is associated a small amount of 
epidote, distinguished by its yellow color in thin 
sections. There are a few small crystals of colorless 
garnet, and small, irregularly shaped grains of a 
highly refracting yellowish mineral, possibly titanite, 
with attached grains of magnetite. 

Analysis, with reduction by Penfield, is as follows : 

Glaucophane Epidote Quartz 



















NaAl(Si0 3 ) 2 . 


NaFe(Si0 3 ) 2 . 


(MgCa)SI0 3 . 


IICa 2 Al 3 Si 3 i 


Silica, Si0 2 , 


51.31 


11.76 


12.00 


7.92 


15.48 


Alumina, A1 2 0 3 , 


18.31 


5.00 






13.31 


Ferric ox., Fe 2 0 : 


„ 8.08 




8.08 






Magnesia, MgO, 


4.05 






4.05 




Lime, CaO, 


11.34 






1.71 


9.63 


Soda, Na a O 


5.76 


2.66 


3.10 






Potash, K 2 0, 


.55 


.55 








Water, H a O, 


.76 








.76 




100.18 


19.97 


23.18 


13.68 


39.18 




CHEMICAL NOTES. 

BY S. L. PENFIELD. 



Jadeite. 



In its chemical nature jadeite is a silicate of sodium and 
aluminium, and the formula assigned to it is Na A1 (SiO s ) 9 . 
The theoretical composition of the ideally pure mineral is 
as follows : 

Silica, SiO a , 59.40# 

Alumina, A1 2 0 3 , 25.25 
Soda, Na a O, 15.35 



100.00 



An examination of the jadeite analyses given above indi- 
cates that although silica, alumina, and soda are the essen- 
tial constituents, small amounts of other substances are 
always present. The silica maintains a fairly uniform 
percentage, close to that demanded by the theory. The 
same is true of the alumina, although it falls below the 
theory when ferric oxide, Fe 2 0 3 , is present. This latter 
oxide plays the same role in chemical compounds as 
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alumina, and lias, therefore, the property of replacing 
alumina in complex mineral substances. Or it may be 
considered that the jadeite molecule Na A1 (Si0 3 ) 2 is 
replaced in part by the isomorphous segerite molecule 
Na Fe (SiO s ) 2 . When the percentages of soda are consid- 
ered it will be observed that the amounts fall considerably 
below the theory. These deficiencies are largely made up 
by potash, K 2 0, which may replace soda, since it is similar 
to it in its chemical relations, but still there is a deficiency 
of the combined alkalies, soda plus potash. The role 
played by the small amounts of lime, CaO, and magnesia, 
MgO, is somewhat questionable. Together they combine 
with silica to form a variety of pyroxene known as diop- 
side, Ca Mg(Si0 3 ) a , and the presence of varying amounts of 
this silicate with jadeite might be expected. The analyses, 
however, indicate that thediopside molecule usually is not 
present, for it contains no alumina, and its presence with 
jadeite would be indicated by a lowering of the percentage 
of alumina. In some complex silicates lime, CaO, and 
magnesia, MgO, play the same role as the alkalies Na 2 0 and 
K 2 0, and it would seem from the analyses of jadeite in the 
Collection that the small amounts of these oxides act like 
the potash in replacing soda. The traces of ferrous oxide, 
FeO, and loss on ignition (probably water) may be dis- 
regarded in considering the composition of jadeite. 

In order to show that ferric oxide replaces alumina, and 
that potash, lime, and magnesia replace soda, the analyses 
have been modified by substituting for Fe a O s an amount of 
Al a O, equivalent to it, and for K 2 0, CaO, and MgO their 
equivalent of Na a O, and then calculating to 100 per cent. 
The recalculated analyses can thus be compared with the 
theoretical composition of jadeite, and it will be observed 
that the agreement is very satisfactory : 





I 


II 


III 


IV 


V 


Number 


3248 


13195 


13255 


13206B 


13243 


Specific gravity, 


3.3394 


3.33^1 


3.3373 


3.3303 


3.3287 


Silica, Si0 2 , 


58.48 


59.02 


58.40 


57.60 


58.69 


Alumina, A1 2 0 S , 


23.57 


24.88 


27.05 


25.75 


25.56 


Ferric oxide, Fe 2 0 3 , 


2.68 


1.23 








Magnesia, MgO, 


1.33 


1.10 


.57 


.13 


.11 


Lime, CaO, 


1.62 


1.15 


.65 


.58 


.58 


Soda, Na 2 0, 


10.33 


11.21 


11.37 


13.31 


13.09 


Potash, K 2 0 


3.09 


1 34 


2.20 


2.20 


1.54 


Ferrous oxide, FeO, 




.28 








Manganous oxide, MnO, 




.19 








Loss on ignition, H 2 0, 


.16 


.07 


.18 


.25 


.17 




100.26 


100.47 


100.42 


99.82 


99.74 
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The analyses, after making the substitutions, and after 
recalculating to 100 per cent., are as follows : 





I 


II 


III 


IY 


V 




Silica, 


58.48 


59.02 


58.40 


57.60 


58.69 




Alumina, 


24.59 


25.59 


27.05 


25.75 


25.56 




Soda, 


16.22 


15.01 


14.34 


15.54 


14.88 


Theory for 
Jadeite 




99.29 


99.62 


97.79 


98.89 


99.13 














NaAl (Si0 3 ), 


Silica, 


58.90 


59.25 


58.52 


58.25 


59.20 


59.40 


Alumina, 


24.77 


25.69 


27.12 


26.04 


25.79 


25.25 


Soda, 


16.33 


15.07 


14.36 


15.71 


15.01 


15.35 




100.00 


100.00 


100.00 


100.00 


100.00 


100.00 



It may thus be concluded that potash, K 2 0 and small 
amounts of lime, CaO, and magnesia, MgO, may replace 
soda in jadeite. 

Mixture of jadeite with other materials . 

The analyses indicate that there are in the Collection a 
few specimens which are mixtures of jadeite with other 
minerals. Some of these are isomorplious mixtures of the 
different members of the pyroxene group, jadeite, segerite, 
and diopside, and in one sense these are not mixtures, since 
the different molecules can combine together into a homo- 
geneous crystal. In other cases the material is an inter- 
growtli of different minerals. 

Pyroxene — Essentially j adeite . 

No. 13242. The existence of a rather large amount of 
ferric oxide indicates the presence of the segerite molecule 
Na Fe (Si0 3 ) 2 , and accounts undoubtedly for the dark color 
of the material. Also the somewhat low percentages of 
combined alumina and ferric oxide, together with the con- 
siderable amounts of lime and magnesia, indicate the pres- 
ence of the diopside molecule Ca Mg(Si0 3 ) 2 .* The analysis 
shows that the material is a pyroxene, essentially jadeite, 
and that the molecules are present in the proportion indi- 
cated below : 

* A little iron replaces the magnesia. 
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Diopside 


^Egerite Jadeite 


Jadeite 


Jadeite 






Ca(MgFe)(Si0 3 ) 2 . 


NaFe(Si0 3 ) 2 . NaAl(Si0 3 ) 2 . 


Cal. to 100 


Theory 


Sp. grav., 


3.3034 










Silica, 


56.69 


4.98 


6.72 44.99 


57.85 


59.40 


Alumina, 


20.46 




20.46 


26.31 


25.25 


Ferric oxide, 


4.49 




4.49 






Ferrous oxide, 


.75 


.75 








Magnesia. 


1.64 


1.28 


.36 






Lime, 


3.28 


2.29 


.99 






Soda, 


11.65 




1.74 9.91 


15.84 


15.35 


Potash, 


1.15 




1.15 






Loss on ignition, 


.48 












100.59 


9.30 


12.95 77.86 


100.00 


100.00 






No. 1B102C. Three analyses indicate that there is no 
essential difference between the green and the lavender 
portions. The slight excess of ferric oxide in the green 
portion indicates the presence of a little more of the 
aegerite molecule. The somewhat low percentage of 
alumina and the high percentage of lime and magnesia 
indicate the presence of the diopside molecule. The calcu- 
lation has been made upon the analysis of the mixture, and 
shows that the material is pyroxene, with the jadeite mole- 
cule predominating. 
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Sp. srrav., 
Silica, 






3.2578 










57.79 


57.49 


57.45 


7.80 


49.65 


57.88 


59.40 


Alumina, 


21.40 


21.56 


21.94 




21.94 


26.24 


25.25 


Ferric oxide, 


.80 


1.05 


.91 




.91 






Magnesia, 


4.72 


4.79 


3.96 


3.00 


.96 






Lime, 


3.06 


2.90 


3.10 


3.10 








Soda, 

Potash, 


12.36 


11.98 


12.13 




12.13 


15.88 


15.35 


Loss on ignition, 


.76 


.45 


.79 












100.89 


100.22 


100.28 


13.90 


85.59 


100.00 


100.00 



The water in this material and the one previous may 
indicate the presence of a small amount of analcite, Na A1 
(Si0 3 ) 2 + H,0. Analcite and diopside would tend to bring 
the specific gravity below that of normal jadeite, while 
aegerite, specific gravity 3.5, would tend to increase it. 
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Jadeite and Analcite. 

No. 13215. The low specific gravity of this material is 
noticeable. The analysis is like that of a jadeite, except 
for the quantity of water. Professor Iddings, in his exami- 
nation of thin sections of this material, has noted the pres- 
ence of an isotropic material with the properties of anal- 
cite, Na A1 (Si0 3 ) 2 + H 2 0, and the presence of this mineral 
would account both for the low specific gravity of the 
material and the water. The specific gravity of analcite is 
2.28. 
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Sp. grav., 


3.2176 












Silica, 


58.41 


1.50 


15.84 


41.07 


58.37 


59.40 


Alumina, 


24.64 




6.73 


17.91 


26.05 


25.25 


Ferric oxide, ' 


.67 






.67 






Magnesia, 


1.24 


.52 




.72 






Lime, 


1.43 


.67 




.76 






Soda, 


12.76 




4.09 


8.67 


15.58 


15.35 


Potash, 


.58 






.58 






Loss on ignition 


, 1.19 




1.19 








100.92 


2.69 


27.85 


70.38 


100.00 


100.00 



In this connection it is interesting to note the similarity 
in chemical composition between jadeite, Na A1 (Si0 3 ) 2 and 
analcite, Na A1 (Si0 3 ) 2 + H 2 0. J. Lemberg* has shown, 
moreover, that although jadeite is only slightly acted upon 
by acids and alkaline solutions, fused jadeite can readily 
be converted into analcite by subjecting it to the action 
of a hot dilute solution of sodium carbonate under pres- 
sure. 

Glaucophane and Zoisite (. Klinozoisite ?) 

No. 13005. Only one example of this mixture has been 
observed in the Collection. Under the microscope there 
were observed epidote of pale color and low double refrac- 
tion corresponding to klinozoisite ( ZeitscTir . Kryst ., Vol. 

* Zeitschrift dir Diutschm Geologischen Gesellschaft , xxix. p. 587, 1887. 
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26, p. 166), a little quartz, and abundant material hav- 
ing the cleavage and optical properties of a mineral belong- 
ing to the amphibole group. The presence of nearly six 
per cent, of soda in the specimen indicates that the amphib- 
ole mineral must be related to glaucophane and riebeck- 
ite, which are believed to contain respectively the mole- 
cules Na A1 (SiO s ) 2 and Na Fe (Si0 8 ) a , similar to the soda- 
alumina and soda-iron silicates jadeite and segerite. The 
amounts of alumina, ferric oxide, and alkalies furnish a 
basis for calculating the chemical composition as follows : 

Glaucophane Epidote Quartz 

NaAl(Si0 3 ) 2 NaFe(Si0 3 ) 2 (MgCa)Si0 3 HCa 2 Al 3 Si 3 0 13 Si0 2 
Specific gravity, 3.0919 



Silica, 


Si0 2 , 


51.31 


11.76 


12.00 


7.92 


15.48 


Alumina, 


A1 2 0 3 


, 18.31 


5.00 






13.31 


Ferric oxide, Fe 2 0 3 


, 8.08 




8.08 






Magnesia, 


MgO, 


4.05 






4.05 




Lime, 


CaO, 


11.34 






1.71 


9.63 


Soda, 


Na 2 0, 


5.76 


2.66 


3.10 






Potash, 


K 2 0, 


.55 


.55 








Water, 


h 2 o, 


.76 








.76 




100.18 


19.97 


23.18 


13.68 


39.18 



The glaucophane molecules combined constitute 56.83 per 
cent, of the total material, and are given below after calcu- 
lation to 100 per cent. There are also given for compari- 
son two analyses of glaucophane from Lyra, one of the 
Cyclades — I. by Schnedermann, II. by Luedecke (Analyses 
1 and 2, p. 399, Dana’s Mineralogy). 





13005 


Glaucophane from Lyra 




Calculation 


, — 


N 






I 


II 


Si0 2 , 


55.74 


56.49 


55 64 


A1 2 0 3 , 


8.80 


12.23 


15.11 


Fe 2 0 3 , 


14.22 




3.08 


FeO, 




10.91 


6.85 


MnO, 




0.50 


0.56 


MgO, 


7.13 


7.80 


7.80 


CaO, 


3.01 


2.40 


2.40 


Na 2 0, 


10.13 


9.34 


9.34 


k 2 o, 


0.97 








100.00 


99.63 


100.78 
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In most respects No. 13005 compares favorably with the 
glaucophane analyses given for comparison, the discrep- 
ancies being in the alumina and oxides of iron. It must be 
borne in mind, however, that in the calculation all of the 
iron oxide has been credited to the glaucophane, while un- 
doubtedly part of it belongs to the epidote. It is safe, 
therefore, to assume that the glaucophane contains some- 
what more alumina and less ferric oxide than indicated by 
the foregoing calculation, but the amount could not be 
determined without analysis of either the epidote or the 
glaucophane. 

Jadeite and Albite. 

Of the minerals analyzed there is only one example of 
this kind of mixture, No. 13193. 

Theoretical comparison 





Nephrite 


Jadeite 


Albite 


of a mixture of 




Ca Mg (Si0 3 )4 


Na A1 (Si0 3 )a 


Na Al Si 3 0 8 


Nephrite 


Jadeite 


Albite 


Sp. grav. 2.8345 
Silica, 


63.47 


2.20 


28.80 


32.47 


2.17 


28.87 


32.48 


Alumina, 


20.76 




11.53 


9.23 




12.43 


9.20 


Ferric oxide, 


1.27 




1.27 










Magnesia, 


1.11 


1.11 






1.08 






Lime, 


1.16 


.50 


.66 




.50 






Soda, 


11.98 




6.63 


5.35 




7.46 


5.81 


Potash, 


.34 






.34 








Water, 


.36 
















100.45 


3.81 


48*89 


47.39 


3.75 


48.76 


47.49 



The analysis indicates the presence of a little nephrite. 

Diopside . 

No. 13086. Only one example of this kind of material 
is indicated by the analysis. The properties that charac- 
terize it are the following: Specific gravity from 3.24 to 

3.28, considerably greater than that of nephrite. Hardness 
about 6. Before the blowpipe the material fuses at about 
4, but does not yield a clear glass-like jadeite, and does 
not impart an intense yellow color to the flame. The 
powdered mineral is not perceptibly attacked by hydro- 
chloric acid. In order to identify the material with cer- 
tainty the absence of an appreciable quantity of alumina, 
and the presence of much calcium and magnesium, should 
be determined. As indicated by the analysis the amount 
of soda is very small, and there is some question, there- 
fore, concerning the disposition of the alumina and ferric 
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oxide, for they cannot belong to jadeite of normal compo- 
sition. By combining the alumina and ferric oxide, 
however, with silica, soda, and sufficient lime to give a com- 
position corresponding to jadeite, the remaining constit- 
uents correspond closely to a diopside, as shown by the 
calculation. 







Jadeite like 


Diopside 


Diopside cal. 


Diopside 


Sp. grav. 3.2663 




mineral 


Ca Mg (Si0 3 ) 2 


to 100# 


Theory 


Silica, 


54.19 


10.80 


43.39 


54.06 


55.57 


Alumina, 


3.48 


3.48 








Ferric oxide, 


1.79 


1.79 








Magnesia, 


14.58 




14.58 


18.16 


18.51 


Lime, 


24.03 


1.74 


22.29 


27.77 


25.92 


Soda, 


.88 


.88 








Water, 


.65 












99.60 


18.69 


80.26 


100.00 


100.00 



Nephrite. 

Our knowledge of the chemical composition of the 
amphiboles is not as satisfactory as that of the pyroxenes. 
The formula Ca Mg 3 (Si0 3 ) 4 is assigned to a white variety of 
amphibole known as tremolite, while ferrous iron replaces 
a part of the magnesia in the green varieties. Small 
amounts of alumina, ferric oxide, the alkalies soda and 
potash, and water occur in the amphiboles, but just how 
they are combined in the chemical molecule is not in all 
cases well understood. The theoretical percentage compo- 
sition corresponding to the formula of tremolite, Ca Mg 3 
(Si0 3 ) 4 , is as follows : 



Silica, Si0 2 


57.69 


Magnesia, MgO, 


28.85 


Lime, CaO, 


13.46 




100.00 



On examining the analyses of nephrite it will be observed 
that the percentages of silica, Si0 2 , and lime, CaO, main- 
tain nearly uniform values, near those demanded by the 
theory of tremolite, but the magnesia, MgO, percentages 
exhibit not only a considerable variation, but they are 
lower than the theory. The deficiencies in magnesia 
are probably in part accounted for by the presence of 
water, since it has been shown by the analyses of a very 
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pure variety of anthophyllite,* a mineral closely related to 
tremolite, that water can replace magnesia. It is not prob- 
able that the water shown by the analyses comes from 
serpentine, since the presence of the latter mineral would 
very perceptibly lower both the specific gravity and the 
percentage of silica. 

The small quantities of alumina and ferric oxide are 
usually accompanied by an amount of soda sufficient to 
form the molecules Na 2 Al 2 (Si0 3 ) 4 and Na 3 Fe 3 (Si0 3 ) 4 . These 
molecules are present respectively in the minerals glauco- 
phane and riebeckite, which belong to the amphibole 
group, and they are analogous in composition to jadeite 
and aegerite of the pyroxene group. Potash may take the 
place of soda in these molecules. 

The analyses of nephrite show a great similarity, and the 
calculation of a few of them will serve to illustrate the pre- 
vailing composition. As a basis of calculation the alumina 
and ferric oxide have been combined with sufficient silica 
and alkalies to form the glaucophane and riebeckite 
molecules. The remaining silica has then been combined 
with ferrous oxide, magnesia, lime, and water to form 
a silicate, nephrite, of the general formula R Si0 3 (R=Fe, 
Mg, Ca and H 2 ). For the sake of comparison with the 
tremolite formula, Ca Mg 3 (Si0 3 ) 4 , the nephrite has been re- 
calculated to 100$ after increasing the magnesia by an 
amount equivalent to that of the ferrous oxide and water. 



No. 13211. 




Glaucophane 


Riebeckite 


Nephrite 


Nephrite Theory 


Sp. grav. 3.0138 




Na 2 Al 2 (Si0 3 ) 4 


Na 3 Fe 2 (Si0 3 ) 4 


RSi0 3 


cal. to IOOjS 




Silica, 


57.65 


3.40 


7.44 


47.81 


56.76 


57.60 


Alumina, 


1.06 


1.06 










Ferric oxide, 


4.93 




4.93 








Ferrous oxide, 


.11 






.11 






Magnesia, 


14.95 






14.95 


24.19 


28.85 


Lime, 


16.05 






16.05 


19.05 


13.46 


Soda, 


2.38 


.62 


1.76 








Potash, 


.93 




.28 








Water, 


2.46 






2.42 








100.52 


4.08 


14.41 


81.34 


100.00 


100.00 




Unaccounted for : Potash 0.65; water 0.04 : 


= 0.69. 





* American Journal of Science and Arts , Vol. 40, p. 394, 1890. 
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The presence of a rather large amount of the riebeckite 
molecule in this nephrite is noticeable. 



No. 13030. 


Glaucophane 


Riebeckite 


Nephrite 


Nephrite cal. 


Theory 


Sp. grav. 3.0122 


Na 2 Al 


a(Si0 3 ) 4 Na 2 Fe 2 (Si0 3 )4 


RSi0 3 


to 100 % 




Silica. 


57.78 


5.52 


2.40 


49.86 


57.52 


57.69 


Alumina, 


2.35 


2.35 










Ferric oxide, 


1.60 




1.60 








Ferrous oxide, 


2.83 






2.83 






Magnesia, 


14.80 






14.80 


25.15 


28.85 


Lime, 


15.02 






15.02 


17.33 


13.46 


Soda, 


1.63 


1.01 


0.62 








Potash, 


1.00 


.66 










Water, 


2.75 






2.45 








99.76 


9.54 


4.62 


84.96 


100.00 


100.00 




Unaccounted for 


: Potash 0.34 ; water 0.30 = 0.64. 




No. 13233. 


* Glaucophane 


Nephrite 


Unaccounted Nephrite 




Sp. grav. 3.0118 


and Riebeckite 


RSi0 3 


for 


recalcu. 


Theory 


Silica, 


57.19 


7.44 


49.75 




57.35 


57.69 


Alumina, 


2.24 


2.24 










Ferric ox., 


1.60 


1.60 










Ferrous ox., 


1.10 




1.10 








Magnesia, 


21.97 




21.97 




28.32 


28.85 


Lime, 


13.16 


.73 


12.43 




14.33 


13.46 


Soda, 


.20 


.20 










Potash, 


1.44 


1.44 










Water, 


1.82 




.90 


0.92 






100.72 


13.65 


86.15 


0.92 


100.00 


100.00 



The foregoing analyses indicate the presence of the well- 
recognized molecules, glaucophane and riebeckite, and of a 
silicate of the general formula R Si0 3 , where R is Mg, Ca, 
Fe and H a . Moreover, if the Fe and H a are regarded as 
taking the place of Mg, the composition approximates to 
that which is assigned to the crystallized mineral trem- 
olite, Ca Mg 3 (Si0 3 ) 4 . The nearly uniform character of the 
analyses is noticeable. In the few cases where the silica is 
low (52.98 in No. 13266, specific gravity 2.9506 ; and 52.60 
in No. 13216, specific gravity 2.9311) the magnesia and 
water are high, and it is probable that a little serpentine is 
present. 

* The prevailing alkali is here potash, and it has been necessary to take some 
calcium to make up for the deficiency of the combined alkalies. 
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ABSTRACT OF THE REDUCTIONS. 




Calculated by Clarke. 




Jadeite, 


97.82 


Unaccounted for, 


2.00 




99.82 


Calculated by Clarke. 




Normal jadeite 


95.71 ) 


Pseudo “ 


3.14 ) 


Unaccounted for, 


1.32 




100.17 


Calculated by Clarke. 




Normal jadeite, 


92.42 ) 


Pseudo “ 


5.05 f 


Unaccounted for, 


2.27 




99.74 


Calculated by Clarke. 




Normal jadeite, 


91.62 ) 


Pseudo “ 


7.89 ) 


Unaccounted for, 


.73 




100.24 


Calculatedjby Clarke. 




Jadeite, 


89.92 


R", Ca Si0 6 , 


3.04 


Nephrite or diopside, 


7.07 


Excess of silica, 


.13 




100.16 


Calculated by Penfield. 




Jadeite, 


85.59 


Diopside, 


13.90 



97.47 



99.49 



Water not accounted for. 










84.29 

10.07 

6.06 



94.36 



100.42 



81.61 

17.18 

1.47 



98.79 



100.26 



79.24 

20.00 

1.23 



99.24 



100.47 

77.86 

12.95 

9.30 

.48 

100.59 

75.61 

4.82 

1.36 

16.81 

1.62 

100.22 



70.38 

27.85 

2.69 
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No. 13255 (China), Calculated by Clarke. 

Normal jadeite, 
Pseudo “ 
Unaccounted for, 



Calculated by Clarke. 
Normal jadeite* 
Pseudo “ 
Unaccounted for, 



Calculated by Clarke. 
Normal jadeite, 
Pseudo “ 
Unaccounted for, 



Calculated by Penfield. 

Jadeite, 

iEgerite, 

Diopside, . 

Loss, water, 



No. 3248 (China), 



No. 13195 (China), 



No. 13242 (Mexico), 



No. 13249 (Switzerland), Calculated by Clarke. 

Jadeite, 

Fe"' 2 Ca SiO e , 
Magnetite ? 

Nephrite, 
Unaccounted for, 



No. 13215 (Burma), Calculated by Penfield. 

Jadeite, 

Analcite, 

Diopside, 



100.92 
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No. 13267 (Burma), Calculated by Clarke. 

Amphibole (Na 2 Mg 7 Si 8 0 24 ), 38.79 



Jadeite, 
Acmite, 
Excess water, 



No. 13193 (Mexico), Calculated by Penfield. 

Jadeite, 

Albite, 

Nephrite, 



No. 13334 (Alaska), Calculated by Clarke. 

Nephrite, 

Jadeite, 

R'" 2 Ca Si0 6 , 

Excess water, 

No. 13335 (Alaska), Calculated by Clarke. 

Nephrite, 

Jadeite, 

R" a Ca Si0 6 , 

Excess water, 



13122 (British Columbia), Calculated by Clarke. 

Nephrite, 

Jadeite, 

Al 2 Ca SiO c , 

Excess water, 



55.68 

3.99 

1.45 

99.91 

48.89 

47.39 

3.81 

100.09 



No. 13200 (China), Calculated by Clarke. 

Nephrite, approximately, 96.00 
Jadeite, “ 



4.00 
100.00 

95.58 

1.36 

1.79 

1.49 

100.22 

95.57 

1.43 

2.50 

1.01 

100.51 

95.05 

.92 

3.81 

.75 



100.53 
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No. 13205 (China), Calculated by Clarke. 

Nephrite, 

Jadeite ? 

Excess water, 



No. 3121 (China), 



94.33 

4.15 

2.05 



Calculated by 


Clarke. 


100.53 


Nephrite, 




92.83 


Jadeite ? 




2.15 


R" t Ca Si0 6 , 




3.57 


Excess water, 




1.72 


Calculated by 


Clarke. 


100.27 


Nephrite, 




92.72 


Serpentine, 




1.93 


R", Ca Si0 6 , 




2.40 


Excess water, 




3.23 


Calculated by 


Clarke. 


100.28 


Nephrite, 




92.48 


Jadeite ? 




5.77 


Acmite, 




1.62 


Excess water, 




.56 


Calculated by Clarke. 


100.43 


Nephrite, 




92.09 


R" Na Si 2 0 6 , 




5.91 


Excess water, 




2.68 


Calculated by Clarke. 


100.68 


Nephrite, 




91.21 


R", Ca Si0 6 , 




9.53 


Excess Fe 2 0 3 , 




.33 






101.07 
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No. 13248 (Switzerland), Calculated by Clarke, 

Nephrite, 

Acmite ? 

R", (SiO,)„ 

Unaccounted for, 



No. 3125 (India), 



Calculated by Clarke. 
Nephrite, 

Jadeite ? 

R", (SiO,)„ 

Excess water, 



No. 13118 (New Zealand), Calculated by Clarke. 



100.89 

89.78 

2.67 

6.73 

1.27 

100.45 



Nephrite, 




89.52 


A1 Na Si 2 0 6 , 




2.35 


R", (SiO,)„ 




8.28 


Excess water, 




.39 






100.54 


Calculated by 
Nephrite, 


Clarke. 


89.02 


Jadeite, 




7.36 


R", (SiO,)„ 




3.41 






99.79 


Calculated by 
Nephrite, 


Clarke. 


88.20 


Jadeite, 




7.56 


R" t Ca Si0 6 , 




2.74 


Excess water, 




1.30 






99.80 


Calculated by 
Nephrite, 


Clarke. 


86.89 


Jadeite, 




2.02 


R", (SiO,)„ 




10.45 


Excess water, 




1.51 













No. 3156 (China), Calculated by Clarke. 

Nephrite, 

R" Na Si 2 0 6 , 

Excess water, 



No. 13233 (Switzerland), Calculated by Penfield. 

Nephrite, 86.15 

Glaucophane and riebeckite, 13.65 
Unaccounted for, .92 



No. 3148 (China), Calculated by Clarke. 

Nephrite, 

Jadeite, 

Acmite ? 

Excess water, 



No. 13246 (Siberia), Calculated by Clarke. 

Nephrite, 



100.72 

85.87 

10.70 

2.49 

1.43 

100.49 



85.86 

A1 Na Si 2 0 6 (Glaucophane?), 3.32 



R", Ca Si0 6 , 

Excess Fe a 0 3 , 



No. 13095 (China), Calculated by Clarke. 

Nephrite, 

Jadeite ? 

Acmite ? 

Excess water, 



No. 13030 (New Zealand), Calculated by Penfield. 

Nephrite, 

Riebeckite, 

Glaucophane, 
Unaccounted for, 



10.30 

.16 

99.64 

85.51 

9.26 

3.78 

1.01 

99.56 

84.96 

4.62 

9.54 

.64 



99.76 











JADE AS A MINERAL. 

No. 13088 (New Zealand), Calculated by Clarke. 

Nephrite, 

R"' Na Si 2 0 6 , 

Excess water. 



No. 13006 (New Zealand), Calculated by Clarke. 

Nephrite, 

R*', (Sio,),, 

Al R Si 2 0 6 (Glaucophane?), 
Excess water, 



No. 3246 (China), Calculated by Clarke, 
Nephrite, 

R" R' Si 2 0 6 , 

Excess water, 



No. 13211 (Siberia), Calculated by Penfield. 

Nephrite, 

Riebeckite, Na 2 Fe 2 Si 4 0 




84.23 

14.69 

1.41 

100.33 

83.10 

11.47 

4.44 

1.41 

100.42 

81.61 

16.36 

2.58 

100.55 

81.34 

14.41 




Glaucophane, Na 2 Al 2 Si 4 0 12 4. 08 

Unaccounted for 



No. 13268 (China), Calculated by Clarke. 

Nephrite, 

Jadeite, 

Ac mite, 

Excess water, 



No. 13008 (China), Calculated by Clarke. 

Nephrite, 
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No. 13212 (Turkistan), Calculated by Clarke. 

Nephrite, 

R'" Na Si 2 0 6 , 

Excess water, 



No. 13007G (China), Calculated by Clarke. 

Nephrite, 

R'" R' Si 2 0 6 , 

R'" 2 Ca Si0 6 , 

Excess water, 



No. 13216 (New Caledonia), Calculated by Clarke. 

Nephrite, 

Serpentine ? 

R ' (NaK) Si 2 O c , 
Unaccounted for, 



No. 13266 (China), Calculated by Clarke. 

Nephrite, 

Serpentine ? 

Jadeite ? 

Unaccounted for, 



No. 13210 (Silesia), Calculated by Clarke. 

Nephrite, 

A1 Na Si 2 0 6 , 

Fe Na Si 2 0 6 , 
Unaccounted for, 



No. 13086 (New Zealand), Calculated by Penfield. 

Jadeite-like mineral, 
Diopside, Ca Mg Si 2 0 6 , 
Water, 



78.14 
22 . 22 
.32 



100.68 

77.34 

16.57 

5.87 

1.00 



100.78 

75.76 

11.32 

9.05 

3.16 



99.29 

69.87 

21.80 

7.15 

.71 



99.53 

62.81 

23.45 

9.29 

4.65 



100.20 

18.69 

80.26 

.65 
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No. 13005 (Switzerland), Calculated by Penfield. 



NaAl(SiO ) ) 


19.97 


NaFe(Si0 3 ) 2 > Glaucopliane, 23.18 


(MgCa) SiO s J 


13.68 


Epidote, HCa 2 Al 3 Si s 0 13 


39.18 


Quartz, 


4.17 




100.18 



Professor Clarke remarks in regard to these reductions 
that the nephrite molecule always reduces to the general 
formula R"Si0 3 , when R" = Ca, Mg, Fe, or Mn. In typi- 
cal nephrite it approximates to CaSio, + 3MgSi0 3 , or Ca 
Mg 3 (Si0 3 ) 4 ; the Fe and Mn replacing a part of the Mg. 
H 2 , K 2 , and Na 2 may also replace Mg to some extent, but the 
Ca is more commonly constant. Variations occur in the 
reductions which may be due to error in the iron deter- 
minations ; and in other cases traces of pyroxene remain, 
with the ratio more nearly Ca : Mg :: 1 : 1 ; as in diop- 
side, CaMg(Si0 3 ) 2 . 

When Iddings states that jadeite or its equivalent is 
present in a nephrite, jadeite andacmite are stated as such. 
When no definite statement is made, a formula is given 
which may indicate either jadeite, acmite, glaucopliane, or 
riebeckite molecules ; and formulae are stated as follows : 

A1 Na Si 2 0 6 . 

Fe Na Si 2 0 6 . 

A1 (NaK) Si 2 0 6 , or A1 R' Si 2 0 6 . 

Fe (NaK) Si 2 0 6 , or Fe R' Si 2 0 6 . 

R'" Na Si 2 0 6 . 

R"' K Si 2 0 6 , etc., 

according to the exigencies of the case. All of these are 
covered by the one general formula R"' R' Si 2 0 6 , which is 
sometimes employed. 

When alkalies are in excess of alumina and ferric oxide, 
they are treated as part of the nephrite molecule. When 
A1 2 0 3 and Fe 2 0 3 are in excess, two alternatives are pre- 
sented. First, if the total oxygen of the analysis is greater 
than in the ratio Si0 3 , it is treated as part of the molecule 
(A1 Fe) 2 Ca Si0 6 , or R"' 2 Ca Si0 6 ; which is mentioned in the 
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paper by Clarke, introducing the chemical section of this 
work. Secondly, when the silicon-oxygen ratio is normal, 
that is, 1 : 3, the excess of A1 and Fe is regarded as forming 
the molecule R" a (SiO s ) 3 , which might be considered as a 
replacement in the nephrite, and equivalent partly to bab- 
ingtonite among the pyoxenes, and arf vedsonite among the 
amphiboles. In two or three cases the analyses indicate 
serpentine as an impurity, which is so stated. 

In the jadeites Penfield has shown that Ca, Fe, or Mg, 
may replace Na or K ; and he computes analyses with 
small amounts of these elements included. Clarke divided 
the computation in such cases, giving normal jadeite as 
proportional to the alkalies alone. The remaining portion, 
Al a (CaMgFe) (SiO s ) 4 , the replacement which Penfield has 
proved, Clarke calls ^^m^o-jadeite. The sum of the nor- 
mal and the pseudo- jadeite gives the jadeite of Penfield’ s 
calculations. 










INCLUSIONS. 

Under this head it is proposed to notice briefly the 
various minerals which have been found in intimate 
association with jadeite or nephrite. They may be 
roughly grouped into two classes : 

First . — Those which occur in relatively small crystals 
or patches embedded in jade, and by reason of their 
sharply defined contrast in color or form are readily 
visible to the naked eye. 

Second . — Those which occur intimately intermingled 
with the jade, forming an essential part of its mass, and 
being of the same color and appearance, are recognizable 
as foreign material only by chemical or microscopic study. 

To the first of these may be assigned the following 
minerals : Chromite, magnetite, garnet, feldspar, pyrite, 
rutile, limonite, manganese oxide, mica, and several other 
undetermined impurities. 

Chromite or magnetite is by far the most common im- 
purity to be noted in jade. The distinction between them 
is not generally visible, since both occur in black opaque 
octahedrons, generally of minute size, and it is necessary 
in order to their positive distinction to prepare a thin 
microscopic section. The chromium may then be readily 
determined, as it is slightly translucent in thin sections 
and shows a dark brown color in microscopic sections, 
whereas magnetite is always black and opaque. This 
class of inclusions is generally too small in percentage to 
produce any effect except in some cases a change of color 
of the mass. Again, if a dark crystalline speck is sur- 
rounded by a zone of green brighter than the rest of the 
specimen, it is safe to conclude that the coloring of the 
green is chromium, derived from the inclusion, which is, 
therefore, undoubtedly chromite. Both these minerals 
are very noticeable in translucent jade, as their color is 
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dark and their sharp form is readily noticeable in a trans- 
lucent mass. When the inclusions are present in a suffi- 
cient number in white jade, they frequently give it a 
grayish tint. 

In sufficient number they may even impart a positive 
black to the mass. 

Pyrite, rutile, garnet, feldspar, and mica all occur as 
inclusions discernible by the naked eye. 

Black oxide of manganese is frequently present in both 
the jade minerals, chiefly as a staining material, and some- 
times in such quantity as to impart a positively black color. 
It also occurs in thin coatings on the walls of cracks or 
crevices, and again as dendritic markings. 

Limonite appears in a number of specimens, perhaps 
more especially among the artistic pieces, as a staining, 
generally the result of weathering, and is considered by 
the Chinese to heighten the effect. 

In addition to the inclusions already described, which 
are perceptible to the naked eye, a large number of 
minerals exist in minute crystals, and have been deter- 
mined by microscopic study of jade itself. The following 
species have been determined by Arzruni, Iddings, and 
others as occurring in jade : 



In addition to these, Arzruni reports graphite as occur- 
ring in nephrite. 

The second class of inclusions in which the foreign 
mineral plays a more important part in the make-up of 
the mass, contains the following species : Analcite, albite, 



Andalusite, 

Cordierite, 

Epidote, 

Garnet, 

Limonite, 

Muscovite, 

Olivine, 



Perovskite with Leucoxene. 



Titanite, 

Tourmaline, 

Zircon. 



Quartz, 

Rutile, 

Talc, 
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neplieline, plagioclase, feldspar, zoisite (klinozoisite) and 
diopside. All these are of peculiar interest from the fact 
that they are found with jadeite and not with nephrite. 
The only mineral reported as chemically intermixed with 
nephrite is doubtful serpentine. 

The important part that such included minerals play in 
jade may be seen in four results : 1st. They affect the 
color of the mass in which they are included, giving it a 
tint, a mottled appearance, or in some instances a decided 
color. 2d. They are likely to affect the specific gravity 
of the mass either by lowering it, as in the case of albite 
feldspar, or by raising it, as in the case of magnetite and 
chromite. 3d. They are likely to affect the apparent 
chemical composition of the mass by their intimate 
mechanical mixture. 4th. They may likewise, at times, 
affect the hardness of the mixture. 

This class of inclusions may equal or exceed the amount 
of the jadeite material in the rock, with the changes that 
may be expected in the lowering of the hardness, tough- 
ness, or specific gravity, and in the case of neplieline and 
analcite, rendering the mass more susceptible to the 
attack of weathering agencies. 

The effect upon the physical and chemical character of 
jade produced by the presence of the inclusions above 
mentioned will depend, of course, upon the amount and 
and character of the inclusions. 









ON THE ORIGIN OF JADEITE. 



BY L. V. PIRSSON. 

INTRODUCTORY. 

The very fact, so well known, that the original sources 
of jadeite have either been unknown or veiled in mystery, 
in spite of its use and commercial value through such an 
immense period of time, implies at the very outset that 
geological observations and knowledge concerning its 
mode of occurrence and the origin of the material must be 
still more defective. We know, indeed, that it has been 
largely gathered in the shape of transported boulders; and 
the study of the material has led petrographers to classify 
jade as belonging to the crystalline schists. Anything 
beyond this, with the exception to be presently noted, 
which is of any real value in this connection has not come 
to the writer’s knowledge, and it would be of little interest 
or value to discuss the question from the historical side. 

OCCURRENCES IN BURMA AND 66 TIBET.” 

The occurrence which has been best studied is that at 
Tarnmaw in Upper Burma. As this is described elsewhere 
in this volume, in the article on the Localities and Geo- 
logical Occurrence of Jade, the reader must be referred to 
that section for details. It must here suffice to say that 
the observations of Noetling and Bauer show that the 
jadeite is either igneous or metamorphic in character, the 
results of the careful petrograpliical examination of Bauer 
favoring the latter view. The jadeite is associated with 
serpentine, and glaucophane schist and albitic rocks occur 
in the vicinity. 

The jadeite said to come from Tibet, described by Bauer, 
has been incorporated also in the same section, and it need 
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only be said here that, while it resembles in general that 
of Tammaw, it contains considerable neph elite and some 
albite. Bauer calls attention to the anomaly of the pres- 
ence of nephelite as a component of a rock belonging to 
the crystalline schists, since heretofore it has been found 
only as a component of igneous rocks. The writer hopes 
to elucidate in the following pages the meaning of this 
apparent anomaly.* 

It may also be mentioned that some specimens of jadeite 
in the Bishop Collection (Nos. 13215, 3126, 3127, 13242) 
contain small amounts of albite and analcite. 

JADEITE CONSIDERED AS A ROCK. 

It is clearly evident, not only from the occurrence at 
Tammaw described elsewhere, but from its distribution 
in a number of localities and the size of the masses in 
which it is found, that jadeite must be considered as a 
rock, and a definite kind of rock, not some chance forma- 
tion of a mineral on a considerable scale in a single 
locality by a peculiar combination of circumstances not 
liable to obtain elsewhere. It appears to be a well-charac- 
terized variety of rock produced by the same laws which 
govern the formation of other rocks of similar type, and 
one the number of whose occurrences may be expected 
to increase as the geological exploration of the world goes 
on. This position it appears to the writer is so self-evi- 
dent that it needs no further argument, it is also the one 
generally assumed. 

It may then fairly be asked if jadeite in itself, by its 
properties, structure, mineral and chemical composition, 
offers evidences which, interpreted by the aid of our 
present knowledge of petrology, are sufficient to indicate 
its origin and petrographic position. The writer believes 
that this question can be answered in the affirmative, and 
proposes to show the reasons for so believing. 

CHEMICAL COMPOSITION. 

The first and perhaps the most important question which 
can be asked is whether the chemical composition of jadeite 
*Cf. Amer. Jour. Sci. (4), Yol. I, p. 401, 1896. 
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as a rock, en masse , offers any evidence. If we consider 
jadeite Na A1 (Si0 3 ) 2 as a mineral alone, this requires in 
theory 



Si0 2 , 


59.4 


A.I 2 O 3 , 


25.2 


Na 2 0 , 


15.4 




100.0 



As a matter of fact, however, jadeite, even in the whitest 
and simplest varieties, almost never has a pure composition* 
but contains in addition lime, iron, and magnesia, some- 
times in considerable amounts, together with small quanti- 
ties of potash and traces of water, as may be seen from the 
appended table of analyses, and from the tables given else- 
where in this volume. 



Analyses of Jadeite and Phonolite. 





I 


II 


III 


IV 


V 


VI 


3248 


13206B 


13215 


13336 


SiO a , 


57.99 


58.51 


60.52 


53.80 


58.98 


53.95 


58.48 


57.60 


58.41 


58.58 


Al a 0 3 , 


20.61 


19.66 


19.05 


23.59 


20.54 


21.96 


23.57 


25.75 


24.64 


23.71 


Fe a 0 3 , 


2.84 


3.43 


4.22 


3.57 


1.65 


.76 


1.68 




.67 


.51 


FeO, 








1.88 


.48 










.24 


MgO, 


3.33 


.31 


.19 


.87 


.11 


7.17 


1.33 


.13 


1.24 


1.35 


CaO, 


4.89 


1.53 


.59 


2.26 


.67 


2.42 


1.62 


.58 


1.43 


1.67 


Na a O, 


9.42 


10.04 


10.63 


9.05 


9.95 


9.37 


10.33 


13.31 


12.76 


13.80 


K a O, 


1.50 


4.71 


3.50 


4.77 


5.31 


3.70 


3.09 


2.20 


0.58 


trace 


H.O, 




1.00 


.04 


1.50 


.97 




.16 


.25 


1.19 


.16 



I — Worked jade from France, Damour, Bull. Soc . 
Min., 1881, IV., 157. 

II — Phonolite, Mte. Miaune, Velay, Emmons, 
Inaug. Biss., Leipzig, 1874, p. 20. 

III — Phonolite-obsidian, Teneriffe, Fritsch and Reiss, 

1868, p. 387. 

IV — Phonolite, St. Tliiago, Cape Verde Is., Doelter, 

Vulkane der Cap Verden , 1882, p. 90. 

V— Phonolite, Cripple Creek, Colo., W. F. Hille- 
brand, U. S. G. S. Bull., 148, p. 161. 

VI — Unworked jade, Burma, Damour, loc. cit ., 1881. 
3248 — Analysis by Walden of worked jadeite from 
China. 

13206B — Analysis by Walden of worked jadeite from 
China. 
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13215 — Analysis by Walden of fragment of boulder 
from Burma. 

13336 — Analysis by Foote of fragment of boulder from 
Burma. 

Note. — In these analyses only the important elements are given for compari- 
son ; the traces of various metals and bases are omitted as unimportaut, and in 
consequence no summation is shown. 

It is clear from what has been quoted from Noetling’s 
description that at Tammaw the jadeite must be either a 
metamorphic rock, a member of the crystalline schists, or 
else it must be igneous. And this of course must be true 
of all jade if we consider it a rock, as its appearance and 
crystalline character at once exhibit. 

If we regard it as a member of the crystalline schists, a 
metamorphic rock, we must still again if possible endeavor 
to account for its origin, for these rocks must be also of 
igneous or aqueous formation originally, unless some of 
them in places be excepted, as has been done by some 
geologists, because they are held to be a portion of the 
earth’s original cooling crust. Now we know of no sedi- 
ments, nor indeed any possible combination of sedi- 
ments, which could occur that having been metamorphosed 
would give us jadeite. A possible mixture of salt, sand, 
and clay well mixed would have approximately the chemi- 
cal composition, but where conditions were such that salt 
could deposit, sand certainly could not. It seems not 
unreasonable to say that the source of the material forming 
jadeite could not have been of aqueous deposition. 

There remains then to consider whether the material may 
not have been of igneous origin, and when we compare 
analyses of jadeite with those of igneous rocks, we see at 
once that it has the composition of the nephelite-syenite 
group as shown by the comparison of analyses in the table 
given above. It will be seen that there is a striking 
agreement between the two groups of rocks, and that the 
analyses from one group might with ease pass muster in the 
other. There is one point of general difference however, 
and that is the small amount of potash shown in the jade 
analyses. It is not wanting, however, and may exist in 
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considerable quantity as shown in 3248, 13206B, and in No. 
I. This is not, however, any valid argument against the 
material being of igneous origin, for while potash and soda 
are usually found in considerable proportion relative to 
each other in igneous rocks, this is not necessarily so, and 
we have actual instances of undoubted igneous rocks, as in 
dikes and lava flows, showing so great an excess of one 
alkali as to practically exclude the other. Instances may 
be seen in the following examples taken from the literature. 

1 2 3 4 5 6 7 8 

Na 2 0, 1.21 1.39 .90 3.37 7.62 4.21 5.34 17.29 

K 2 0, 11.91 11.76 7.99 10.06 .10 .17 .18 3.51 

The first three of these are leucitic lavas from the Leucite 
Hills in Wyoming ; the fourth a feldspathic dike from the 
Highwood Mts. of Montana ; the fifth an aplite dike from 
Mariposa, Cal.; the sixth diabase, Conn. Valley, Mass.; the 
seventh porphyritic amphibolite, New Salem, Mass.; and 
the eighth, urtite from Kola. (The first seven from Bull. 
148, U. S. Geol. Surv., the eighth from Ramsay, Geol . Fore . 
Stockholm Forh , 1896, Bd. 18, p. 462.) They have been 
selected as examples, and numbers of others equally strik- 
ing might be given in addition, but these are sufficient to 
show the point involved. The composition of jadeite is 
precisely that of aplionolite in which the potash is very low 
or lacking.* The analyses vary from one another in a 
slight degree, but they all lie within the same limits. 

That jadeite has the essential composition of a phonolite 
is shown most strikingly by the chemical equation : 



Na A1 Si0 4 + Na A1 Si 3 0 8 = 2Na A1 (Si0 3 ) 2 
Nephelite + Albite 



Phonolite 



= Jadeite. 



That is to say that a soda feldspar and nephelite, the chief 
constituents of a phonolite, if united would form jadeite. 
Clarke, f in discussing the structural formulae of minerals 
of the pyroxene group like jadeite calls attention to the 

* Rosenbusch briefly remarks that jadeite has the composition of a nephe- 
lite-syenite magma. Elements der Gesteinslehre, p. 508. 

f Constitution of the silicates, Bull. U. S. Geol. Surv. No. 125, p. 87. 
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fact that on alteration spodumene splits up into feldspar 
and eucryptite, the latter a lithia nephelite, while leucite, 
which has a similar empirical formula, divides into ortho- 
clase and ^nephelite, soda replacing part of the alkali in 
both cases. From this Clarke argues that the real struc- 
tural formula of spodumene is not that of a simple meta- 
silicate, R SiO a [Li A1 (SiO a )J, but Al c (Si 3 0 8 ) 3 (Si0 4 ) 8 Li 6 , 
which expresses the relations mentioned above. Following 
out this line of reasoning then, jadeite, also a member of the 
pyroxene group and closely related to spodumene, would 
not have the simple empirical formula Na A1 (SiO,),, but the 
one Al 6 (Si 3 0 8 ) 3 (Si0 4 ) 3 Na 6 , and theoretically it is merely an 
addition product of the albite and nephelite. Such addi- 
tion products might readily be formed if chemical action 
was taking place under great pressure such as is developed 
under dynamo-metamorphic processes, since in that case 
there is a tendency to form denser molecules of higher 
specific gravity; thus one molecule of albite, sp. gr. 2.62, 
and one molecule of nephelite, 2.60, could unite to form one 
molecule of jadeite, 3. 33. 

Associated minerals and structure . 

In this connection the jadeite from Tibet described by 
Bauer is most significant. Here it is accompanied by 
nephelite and feldspar. Now nephelite is known, so far, 
to occur only as a product of the cooling of a molten 
magma in igneous rocks, and it is indeed difficult to 
imagine how the material of which it is composed could 
originate in any other way. Certainly not as a sediment. 
The occurrence of this mineral in the jadeite from Tibet 
points most strongly towards the igneous origin of the 
material in which it occurs, and the presence of the feld- 
spar would lend additional value to this idea. 

Similar remarks and conclusions apply to those speci- 
mens of jadeite in the Bishop Collection, in which, as has 
been mentioned, analcite occurs. This mineral, a hydrous 
metasilicate of soda and alumina, occurs commonly as a 
secondary product resulting from the alteration of minerals 
rich in soda in the igneous rocks, but it has also been 
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shown recently to be a primary constituent of certain dike- 
forming igneous rocks. The mode of its occurrence as 
described by Iddings would indicate that it is here prob- 
ably either a primary constituent, or that it is the result 
of the decomposition of nephelite or albite, indicating an 
igneous origin for the rock in either case. There is also a 
possibility that it is derived from the jadeite itself, though 
the description would seem to preclude this. 

On the other hand, certain facts in this connection must 
also be considered. Jadeite, the mineral, from its chemi- 
cal composition, is a pyroxene which a priori might be con- 
sidered extremely likely to occur in alkaline igneous rocks 
rich in soda. As a matter of fact, not a single instance of 
this, so far as is known to the writer has been recorded. 
Moreover, the broken cataclastic structure of the mineral, 
and in fact the whole structure of the rock, so carefully 
described by Bauer, points most clearly to a type origi- 
nating from metamorphic processes. The associated rocks 
found with the jadeite in the region in Upper Burma, are 
an albite hornblende schist and a glaucophane schist, both 
of them rocks rich in soda and metamorphic in type. Both 
facts are significant. 

Summary and Conclusions . 

Briefly summarized we have then the following facts to 
deal with. The evidence of the only place where jadeite 
has been well studied in place by a competent geologist 
does not afford a definite conclusion as to the origin of the 
rock ; it may be igneous, or it may be metamorphic, the 
microscope evidence tending to confirm the second conclu- 
sion. The composition of jadeite considered as a rock is 
that of an igneous one and a member of the nephelite- 
syenite group, characterized by the absence of, or small 
amount of potash it contains. In one occurrence nephelite 
is found in the jadeite and in others analcite. The chemi- 
cal composition of jadeite precludes the material from 
having an origin by aqueous deposition, it must be igneous. 
On the other hand, jadeite has not been found as a com- 
ponent of evidently unaltered igneous rocks, though the 
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chemical composition of some of them might favor its 
formation ; the structure of jadeite is that of the crystal- 
line schists, and the rocks associated with it are members 
of that family. All these facts point to only one possible 
conclusion. Jadeite is a metamorphosed igneous rock, a 
member of the phonolite family. The whiter varieties are 
probably metamorphosed dikes of the aplitic, leucocratic* 
type, belonging in this family and the darker green types 
those containing more iron-bearing dark silicates like the 
tinguaites. 

And it may be suggested here that the non-appearance 
of rocks of the phonolite families as such among the crys- 
talline schists may be brought into relation with the occur- 
rence of jadeites, albite, and glaucophane schists and other 
types rich in alkalies, whose homes are in the metamorphic 
complexes. 

* Brogger, Das Oanggefolge des Laurdalits, 1898, p. 264. 











THE RELATION OF JADEITE AND NEPHRITE. 



BY J. P. IDDINGS. 

The origin of jadeite has already been discussed in the 
preceding section, by Professor L. V. Pirsson, who shows 
that the available evidence is in favor of the view that 
jadeite is not an unaltered igneous rock, but that it is 
probably the result of the metamorphism of an original 
igneous rock of the nephelite-syenite-phonolite family. 
As the evidence is presented very fully by him, it is 
unnecessary here to do more than refer to his article, with 
the conclusions of which I agree in the main. 

I need only add that the origin or formation of jadeite 
rocks will remain in doubt until they have been found in 
place in such a manner that their outward relations to the 
associated rocks may be discovered. For though they 
may be intimately associated with crystalline schists, and 
may exhibit schistosity in part, they may, however, have 
been originally igneous intrusions with the mineralogical 
composition of jadeite rocks, the structure of which has 
been subsequently somewhat modified by dynamic 
processes. 

Whatever may have been the origin of jadeite-rock, it 
has undergone since its formation various degrees of 
metamorphism, which has produced either slight modifica- 
tions of the original texture of the rock or has altered it 
more or less completely both in texture and in chemical 
composition. By metamorphism is understood any change 
that may take place in a rock by which it may be changed 
into a coherent solid mass differing in some respect from 
the original rock. In many cases the resulting rock is 
harder and more crystalline than that from which it was 
formed, but this is not universally the case, and no simple 
definition of metamorphism can be framed unless we adhere 
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to the etymology of the word and state that it is a change 
in the form of the rock. 

The change may be limited to one of its characters or 
may affect several or all of them. It may operate in one 
direction or in a reverse one. Thus metamorphism may 
modify the form of the minerals without producing any 
chemical differences in them, as when a rock composed of 
a single kind of mineral has the crystals of the mineral 
reduced in size by crushing. They may by other meta- 
morphic processes be enlarged. The first process would 
tend to make the rock less crystalline, the second to make 
it more crystalline. 

While it is possible for single or simple processes of meta- 
morphism to affect a rock without the accompaniment of 
other processes, and while it may be desirable in the dis- 
cussion of such actions to consider them separately, it 
seldom happens that in actual fact any one force or agency 
of alteration has acted independently of others. More 
often several have co-operated to produce the changes that 
have taken place. 

In the case of the rocks grouped under the general term 
jade, which with few exceptions consist of jadeite or 
nephrite, the question of metamorphism has a special 
bearing on the origin of one of these component minerals, 
namely nephrite, and must also be called into account to 
exjdain the texture exhibited by the jadeite rocks. 

It is well known that the simple effect of dynamical 
forces tending to compress or distort a mass of crystals is 
to set up molecular stresses, which result in molecular 
strains within the individual crystals or which produce 
rupture and fragmentation. The latter shows itself under 
the microscope by the mingling of comparatively large 
crystals with small ones in such a manner as to indicate 
that the small particles are fragments of larger crystals. 
The small grains occur in streaks along cracks, or act as a 
cement or matrix for the larger grains. This is sometimes 
called cataclastic structure, and is to be seen in thin 
sections : 3248, 13192D, 13243, 13255. Crushing may be 
accompanied by other alteration, as in the cases just 
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mentioned. The minute particles are still jadeite and the 
whole mass is a coherent rock held together by the 
adhesion of the component crystals. Similar meta- 
morphism has been produced in the laboratory by Profes- 
sor Adams of Montreal, by means of simple pressure. 

The effects of molecular strains which may not have led 
to the production of visible fractures are shown by the 
optical behavior of the strained crystals when examined 
between crossed nicols. The results may be molecular 
displacement, producing a mottling of the interference 
color exhibited by a thin section of the crystal so affected. 
This may be more or less pronounced, varying from the 
faintest suggestion of mottling to one in which the mottling 
resembles mosaic work, with a distinct demarkation be- 
tween each piece, where an actual fracturing of the crystals 
may have taken place. 

In other cases the molecular displacement may cause the 
molecules to shift their position along certain planes in 
the crystal, producing layers or laminae in twinned position 
with respect to the original crystal. In pyroxene one such 
plane is parallel to the basal pinacoid, and crystals of pyr- 
oxene subjected to this kind of molecular strain exhibit a 
more or less distinct banding of the interference color 
shown by thin sections when observed between crossed 
nicols. Examples of both of these kinds of molecularly 
strained jadeite may be seen in thin section, 13192D. The 
material is still jadeite, but the original adjustment of the 
crystal molecules has been altered. Such changes as those 
already illustrated by the jadeite sections may be called 
simple dynamical metamorphism. 

It lias been found that when crystals are in a state of 
molecular strain they are more susceptible to chemical and 
crystalline alteration, if agencies capable of promoting 
such changes are at hand. The same is true when the 
crystal is in fine particles which expose greater surface to 
attacking agencies, such as gases and liquids, than larger 
fragments do. It follows from this that rocks subjected to 
dynamical forces sufficient to produce metamorphism are 
the more easily altered by chemical processes, the com- 




JADE AS A MINERAL. 



211 



monest of which is the interaction of elements in adjacent 
crystals of dissimilar minerals, or of those in adjacent 
crystals and liquids which may penetrate the mass. These 
liquids may act as agents to promote the mobility of the 
molecules of adjoining crystals, by solution, or may be the 
vehicle by which elements may be transferred from one 
rock to another. 

It frequently happens that rocks exhibiting dynamical 
metamorphism in the form of crushing and shearing or 
dragging also show chemical metaphorism, the chemical 
composition of the original rock being changed to a 
greater or less extent and a new crystallization taking 
place, that is, new minerals forming at the expense of 
those originally present. 

Of the transformations of this kind commonly met with 
in rocks the change of pyroxene into amphibole is one 
of the most frequent. The close chemical and crystal- 
lographic relationship between these two groups of 
minerals in part may account for the frequency of this 
transformation. The probably greater complexity of the 
pyroxene molecule, to which Professor Clarke has called 
attention in another section of this work, may account for 
the fact that the alteration is usually from pyroxene to 
amphibole. In every such change there is necessary a 
chemical displacement, for the elements do not occur in 
the same proportions in the two groups of minerals. The 
extent of this chemical metamorphism varies with 
attendant conditions, and may be considerable. In the 
case of some minerals the displacement has gone to the 
extent of replacing all the elements originally present by 
others totally unlike them. This is illustrated by 
paramorphs of the greatest variety. 

The microscopical and chemical investigation of the 
specimens in this Collection demonstrate clearly that 
jadeite is commonly changed into aggregations of minute 
arnphiboles — nephrite — subsequent to, or accompanying, 
dynamic metamorphism, and that the chemical change 
involved the displacement of aluminium and sodium by 
magnesium, calcium, and iron. Chemical metamorphism 
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as radical as this may be found in the transformation of 
albite and orthoclase into talc or chlorite. 

The evidences of dynamical and chemical metamorphism 
in the jades of this Collection have been described in 
detail in another place. They may be summarized briefly 
as follows : In some specimens of jadeite, a cataclastic 
structure has been developed, in others this structure 
together with mottlings of the interference colors and 
banding due to secondary lamellar twinning ; in some 
jadeite specimens there are bladed crystals of amphibole ; 
in specimens of nephrite there are fragments of jadeite ; 
in some nephrites the amphibole crystals are arranged in 
patches corresponding to grains of jadeite in the jadeite 
specimens ; this character gradually disappears in nephrite 
with more and more pronounced fibrous or laminated 
structure. 

From these phenomena it may be concluded that jadeite 
is sometimes metamorphosed into nephrite ; conversely 
that nephrite is sometimes metamorphosed jadeite. But 
it does not necessarily follow that all nephrite is meta- 
morphosed jadeite, or that the only product of the meta- 
morphism of jadeite is nephrite. It may be added that so 
far as the Collection of jades studied is concerned no 
other changes have been observed. From which it may 
be concluded that this relationship between jadeite and 
nephrite is the normal one. 
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LOCALITIES AND GEOLOGICAL OCCURRENCE OF 

JADE. 

BY HENRY S. WASHINGTON. 

Introductory. Discussion of the localities and occur- 
rence of jade (including jadeite and nephrite) is of interest 
from two points of view. From the geological and min- 
eralogical it is of great importance as furnishing us with 
facts which may elucidate the problem of the origin of the 
rock ; from the archaeological it is of equal importance as 
bearing on such questions as ancient lines of trade and 
intercommunication, and the spread of customs and migra- 
tion of races. 

W e are met at the outset of such an investigation by 
the difficulty of lack of sufficient data. Although jade 
objects are widespread (within certain limits), and their 
number is very considerable, and though the use of this 
material goes back to the Stone Age, yet less than a dozen 
localities are known where the material occurs in situ, and 
a few more where it is found as rough blocks which have 
been transported from their original situations by river or 
glacial action. This state of affairs is somewhat remark- 
able in view of the peculiar qualities of jade — its toughness 
and composition, which offer great resistance to destruc- 
tion by meteoric and other agencies, and its often striking 
coloration which, one might expect, would lead to its easy 
discovery. 

For the purposes of the present paper it will be well to 
divide the occurrences into four groups, fundamentally 
distinct in character, which, in the order of their usefulness 
and importance, are as follows : 

1. Occurrences of jade in situ . 

2. Occurrences of jade as transported blocks. 
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3. Occurrences of jade as worked objects, generally of 

unknown exact ultimate provenance. 

4. Localities mentioned by various authorities, but of 

very uncertain character. 

In such a division we start with geological data which 
are fairly safe and well established, and where the condi- 
tions of occurrence are more or less well known, through 
occurrences where the original conditions are to a large 
extent inferential, and finally end with groups where the 
origin is hypothetical and highly uncertain. 

For the sake of convenience, in the following description, 
the first two groups will be treated together to a great ex- 
tent, and also here the occurrences of jadeite and nephrite 
will be mentioned indiscriminately, though in the subse- 
quent discussion the two will be sharply discriminated. 

BURMA. 

It seems appropriate to begin with this locality, since it 
is one of the greatest sources of the material, and is also 
one of those which have been the best studied. The 
quarries are found in Upper Burma, in the Kachin Coun- 
try, near the junction of the Chindwin and Uru rivers, in 
about Lat. 25° N. and Lon. 95° E. 

The quarries were discovered accidentally by a Yunnan 
trader in the thirteenth century, and several unsuccessful 
expeditions were sent out from Yunnan in that and the 
succeeding centuries. The attempts were abandoned till 
1784, when a trade was opened between China and Burma, 
and a regular supply of the stone was carried into Yunnan. 
Since 1806 Mogaung has been the headquarters of the jade 
trade in Burma. 

Apparently the first * notice of this locality by a Euro- 
pean is that of Capt. Hannay,+ who obtained in Mogaung 
several pieces of a green mineral called by the Burmese 
“ Kyouk-tsein ” and by the Chinese “ Yueesh.” X This 
was considered by Hannay to be “ Nephrite.” 

* Cf. Noetling, op. cit. infra., p. 3. 

f Hannay. Jour. As. Soc. Bengal. VI. pp. 265 ff. , 1837. 

X This is no doubt a transcriber’s error for Chinese yu-she, or yu-shih , “ jade- 
stone.” The Burmese name for the mineral is kyouk-sein. — Note by the Editor. 



